“Calhoun 


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations l. Thesis and Dissertation Collection, all items 


1985 


A preliminary study: USMC tactical 
communications technical control needs for 
the Landing Force Integrated Communications System. 


Creighton, Donald E. 


http://hdl.handle.net/10945/21498 


This publication is a work of the U.S. Government as defined in Title 17, United 
States Code, Section 101. Copyright protection is not available for this work in the 
United States. 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 
(8 DUDLEY research materials and institutional publications created by the NPS community. 
FW ১ Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


WW KNOX appointed — and published — scholarly author. 

| LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 





9 bae 
O নাশ ক 
RN A লা 
গ্ৰা Lo dryer টি YAA y 7 dh 
Meo Mar vit ARIAS Ed বস ed p uda err. TT 

MP দি PEIN tang A ৮৮৫৫ REA শদিয়াৰ 

AAI পে juge কল t 

ar. D Fx A o 3 T M E D al "i 

eo gre A সায়া . 

se A arr 1 t ee E "S d 

৪৮ ৷ A Y > e NE Add 

mE a D "n 2 ৯. 

SS + শি খাপ 

LS Lá tp 
সে ৰাসৰ ৷ কম্প সৱ Ie RS সবে 

০ Tr q^ ৭ aaa Sel Cr 

esl A al Des pec rper 

v Lael Y 















PAT A 
AA od 
a tT ere y 
A RRA APT A AA 
ৰ prc Cd SARA RAS PAS pan aed PARE পর 
ier AA এ rcr eid PE id Pdl 
pr দাগ নর he Ad pr |] পপ 2) eorr এৰি, =, 
A Livi Patr gr oe re মি A A O EE TL TASES "ra db 77৬ ন > a E " 
aero d eid রি TEE EU ee AA bo a^ A, ন Ir 
" B PPT ee earn SPOON a reer M adi i টব A " A me AA বিদ্য "m i e E or " 
Pa d A APT গা prre ors rere Eat Emm নিত Ped PARE han iat PM eT A ye > = A A " v ১ 
সা শর 1 de" পা 46 t=: r Y “ or, y dorm | 
পপ An Pp RATA a a দি ed কাছ পিল r y > ৮ A co = > vile ve » ৰ dcin Ape 
€ শেপ d পপ fend mer d re d prr ee বি ৮ 4 y A টা q e E , 3 s 
p.d: jm a 2 Li পক e পপ E m ^Y P " id m " P s i K Paer ri am 
= "p Pree | PAT ST PA pe pon পন et haus D শে AR A PAR o PA - ৯ ` ot Eum, E 9 > qum নৰা sett v 1g eg real = 
ৰা fon ere oS lst? ttn 7০ bert PI pl Ans GOR ara লি A - I ^ A ui ফা "Pr = liri d NATA E DR SFU, ৯৯৭ pue di 2 
রে EAA SE EU CRT ES IU | ০ ঠা সাত সলাত Eh A CT St 
1 yu সু ৰ à 2 s A n a A e : qu eMe d ^ A fE f : B e i 
রে ch Pesci এপ পা ae kar aa AR d Po TL A চা po A e Mech ^ Sits he rd D [oct M» iare tr EO ajo? a CAINE A E AEE p co eim উর 
Ar S MEAE "el A যাপন, তে e pá nd DU PR TA A EA Mo " AA CT E m ৰ , " DM Pur ad ০ ES Tre a e meae ৷ টে 
p sadi ধৰা৷ in ৮5৪৫০ অ তলৰ are RAL jerry ord tereti v টন ৰ লা লিখ" লী PTE y p ced st cde a ARE ক ফিক thie CA সর পল VI Rate পপি) 
U re pe er a ante ht ee AE mm do po ead Do পি el aesti PEN x cete i গজ সা a uva e re 
ome pi ১০ পপ পানু ৰণ O rs bod ested Wah চা} ৯৪৪৪৮ P sat pat of a PEPE te "E ? ৰ গৰব শক rd রি art AR err দত Calpe fue bed 
2 " x e A fremde. ee দল পিন ET VM Bind A LE এ a : : € NE তর iia perpe va E, Rat reet or rro 
লা Ter reer স্ৰম শিপ » TAL 0 pe Miror dip Aa ACE 'প) ie TT A bos) ASIA arri act d Pea ee ee = s ripis" p > e a o NA piget NA Eier REA E UC f ae সপ 
পল রি {A হত ন ত me বন it ord ক spl রি — 5 dew m] ns aye rere: X d 4 A a ০ AUNAR খাটো পপ ep পা hy reas pp a : "e = = d 
9 s 6 E A o TI LH y y » "m রি P এ এ P] z "m ael টা " m ৰ K নি pact বাই সুপ খৰা Y nh সেন ক পুশ aw Ae A 
ক ৰলে ৰ oot. লি ae e haer ARO pres de পি t er ea "er বা” ০9৮ পক ক ক কপ Eiern ৷ : A ৬৬ টা IU ATE T I ELE, pa 
b LAIA A aed A rr রিটা 30889 Em rd ALT VW ee eal AT 4 PR | স্কি" || ৮৬ na PA tn A dn SAA লজ rer = . M, E ae ra Yee" উড prm A re eA 
Ee TACT ES) ose d MEAE A IE TE EE o esteri epe AA কলৰ ra den ES ¿dere as Pe ক পু caba do. বস টপ E CN MI Tre e trem ri সপে 
সপ 22222 ARRE i par area pedo x es way da^ em oot paa RN eth AA pal wn E ৰ a} পে Lag সিএ ৮৯০৮ e rti uv 
> রস কক শিক টে td Lap rd IE E পপি সপ A g Arrr বে পপ PS aon ppl utin ur det ar ada pho dd ped s perde" A RT TA EE M Ue Pre ACA an ই #4 
gre কক MEET EE ara Du p Pe rep 2০42 Mure dr he Lene Od E PEL grea oar pono ০ era rt rgo ag d pi Pico erit vet m i এ ততে Ps Ae reip A ৩৪ টা erties Hos » ree রে t E পপ = 
APA em en "ri = D » LJ E ‘a AER UN Po 1 = PO eer E rd LP s ne 
লো থৱ AA SA Tet IT Loy RA don oe শি por eap iter tod d Ap RARA viri o ET e পপ সা এ তু aoY ৪১১৭ le OE 
j j^ ^ deir EU PEAT টাচ A IR E AO iii PRA er শর pS edu Bb 4 PC A o পীৰ A লন ০০ টিন বি a mr AA ipd A CIA Tera ec Apa e ed RE agre Sonia tr are 
ai না "» rape at ক Ue e E A E ars jokar ee I art A e OA কালক জীক পাশ লে A arie d nm armat e eie টব ro ATI A ia MS A পক খসি কতেক Aue AUS Ua AIO 
of eS Perret Sale টপ পৰ 2% PARIS লক ৰ AS pit A let part el hr pr one o PA পট স্পা শব A ০১ A বি ue rea eet rena Panett ier te 
m c ১৯ বিশ টগর apo ls , . I pdt | PRE বালা, e e শু pane E PR চাৰী PAGADA ppp Sd pp O in o reet ৭ a perra rad M 
— : evan prs iid a ee a ——P' A^ doeet od bu erm সা রি dio dud pl Fo o gh ga pr Te a LOFTS poer rl চেল ir pt ie a rd OS A a 
Ar pa সা পি] খন সস সে নল বোস পদ সে A সস নু ১৮৮৭ ললি tel i dr rd a Bro বেৰৰ Pa SNe LPT id rd pios ই 
Api gl p ed vespa adem per "cde এল es preset এৰ! পপ বা বা দৰবৰ Ae nt pop AS antag” diro t etr ar NIE peni ego ad rem ae A rape OP ae A Vo ru d ACT ৩ পিন শক নে 
ক ag aei tin পর "€ ore Code O OPA NS br pray ৰুম eer P saut RN m ed eed nn ap রা et তব US pe rt 
errr ay pecs eh » ^ A পপ n pi owe pid TC net duin Musee men eh pea Eel Rew are AA aid RE AR er ir ye eT es er সবক গর pe od 22 
শল ten ক্ল ডাল, কল Aer ceti পর টিপ | poti m e aridi dite pure ee pearl "er nr ey o টপ এ ৩ ৮৮৯৪ "= ৰ e o সেন পে নিট পা AT রা ৯৬ লু পপি এপ ans 
dom ae পিপলস টি Cda Por ptr e ur a Mt uma tbi APR e y a DUES IIA +] + E 1 পপ ৮) ap eie opal uA E A apa রর নিশি ১ পি EA 
A Vu. guru ot স্পা কাপ পা e AAA rana re ft Eee Ab a aeons কুকির ঠা acto di OL anced rte 2 2 
ss px erige bu > শব রত d adit de A Sondre Oe FILI ise ৮০০০ ya "e pu siad PA S ৯ সপ ARA tr ened Oe OP ener to টে শোক পম er eet 
ন unn es শিস সর es দৰ্পক aie কক ০৮০৫৮ taf ast AAA ৬ দিকে পপ বা ৷ d or A Oe T pl সি M Pme ৰজ pre ient ph e re artes ৮৯1৯৮ cepe n ds 2, 
pede M eid সা এ eID Lodi RS Ee rg i RA eie . AP AAAI rt rm bte: PARE in PE ire: Ed কীল pe rm pr ey চং লাশ ard Vea e সা রস সস কপ 
L ” পশু LUI E PIE REA pee (PS OE TS Gnd Gn APO eri A সম জিপি বেসন বি tr tr ww preterm e d E ER AA EINE ETE LEE 
e ADS aed fo লিপ পর S raora a AN g Saarne ro ie m^ nm Sar dri pale Ora a Oe ad রুক্ষ emma, a sif Y Y CERE eie re Uc er pa e] S সপ 
টে জপ AA eee PE heed petam > এদোন PR a চিপ ৯০৪৯৭ ar inten A iut" AA a ee সে ep e ardua SEA A T Tet ই 
কও পচ দত ৰপৰা yu y md ARIS ৯, EEE TT fo aid Pest Aachen = - Nem 7 A er foe রা eee SA rtp cea 
i gen he ht pedi qe ode eo sd adt do o PAR DR A নপব" odes EY a শি A nu সপ esa ee Pm ৰখ্ূপ rant ra ai সপ বস সত 
চু AA A di AA ad Fees p peel cmm ^ 2 m MEA o ra Cet TEA SS ya শক” 
এ oreet pdt eda OL ok ae Oo DAT ৯ম. a =৩ সি ই ৬৬০৮৯ RAM খাৰ PR rw reae da i A ap n Tiri সপ o 
ed a ARA A AEP WEE e yd সী eB gue. 7 eee a ii টা ng Eee M BA A OS Sa ee টান a a m Ind nd 
৷ কাপে tme o gd iet AA trap im পা সই পন | সর পে oni 
yar Ae প্ৰ | pd P et tote LE ri ক্লে e EM Ee eR ee ee ss RI লস ৰস + 
: reser রন pat are to এ ৱাৰ তু e a EN | [সবে Pa ar pap 
a 2 d Pe vitet ap tle iad ae CT bre paccm deir: ৬৮০৩ ০৩৫ ra pr o সু 
t পৌর বি pe সর তি parem শৰে ANA 
Rae PT ত EE ER aa টপ পা 
বশ A ক্ষ ld ত alti -7 guid acm 
S adr eir ৰ re fete ae oe ee 
" mn, er nm Seg tee aT 
পলি O 


An dr ৰ 
সপ | 
এ renee ee RS rar a a 
সি তা S 
a pas AL ae Oe, a H 
odi A o Cum op সক AN " টকশো বু eb ld 
sa iret Bagno টিকা পক ক r AAA Cabal pr do ied P ird bt Pitter arin n 
sD et iret pee OES, pes rer semet EA E RARA RA hen par জাত pr E heel m নু 
A FA Lupa mp e AS EA pid "read pini siot A rt RS dr po i 
D EN EE pa pnt cad de pom bl P lbid ed n TES AE aan? লস্ট pow Pe SS one 
সা চৰ 222 Edad এ aial PAPES AAA fand eta pe er ad ay PON 
A ogre পাপ বিন D pa api atat anh erro e Aag rd at t wed অৰ Tub adr orta Pad ক্স একল এ IA m A aed A PASS oI e^ 
MATT mm বল ih P Ia r ee Rent on ee em > ¿a চট পার ttf এ রসি Do. paap e nh fi "T t ডক a to d dd A অ 
pv al - perdio পাও O শা পল i সিএ এল এ y g uane d , o ps i 
১ atar” পপ চল সি তা PÀ pn Picci নে PARADA E a ed be dap ette ld Pp o doo A rd dri trt a o ea AAA oe eee 
D ene Or acinar a Pe aan POO o iod d par eT are PA d me ipeo ire E fte pros > qr ae hod wer ada perum নী A কা pepe ত ৰ 
পি t pr rt fh dt AA i ved depo ৫০ সন e A A ও ৫ d ০ PRE AA SU A Ot rr সক তক dne ৬০ 5 
সপ mari dtt PY EET HE Ps loe aj fio a on e tn ojo sta A e - tates an A AR A FE ro ag rj prt ARIAS e tpt AE bre এ ptor Er rai pe 
সর o pd P HE A o andi? রি meno হা \ Laws hd চি ক M arm edid বুক মৰি qm A ৮ eere pim উহ লক p 4 Me oit rod pice lr de y 
লা লম eae S A "red e dede wu. এ; ae Sod oy pao irat rh eee groom AT e dre A over A A ui Pre Arq m ৰণ $৭% A aa ev A arene ) 
সলা ললো RET rye pe Teide ee debes ^t pr ah সন hb রর A পি এ ao a AMAT A e rbd ২ পিপি সপ উস 
সত আট r TE Gp সত একস উপ eda নি নটি er dr we সা nica AS srt fio a get et পু ip nd 2 এ পা কলন 
mone? > UR EE IEEE ০ কিবাৰ dh «d. ০ রা ve ov La m ০ PS টি ee A a ১ AE e nr "e CENA AS ১ 
or A GA সা T তো ক pape নিজ E neg a 5 e E m OE ২৮ A ০০৫ th a a ae Aa "*" PLI এস er wot ya aaa age ye ৰ A মৰন, পরী নস এজ 
ই A ` t কে = "died PAM Pe ewe pue P rud টিবি bd কি এ jut ee ক ad pag Ae ¿rt rs à à d 4 rv doo Pra RAS clic পক ৰ AA papse Pr 
2 Bes tS ES TSG ene Pe ea nce ae Rad Ng ote te a PIE e E AI ER মা ই NICA EE 
ere পাক pupil dem p dedero Sadie eam: ক এ নি এ et পেত a nd O a কাঠ DARAS Aa ANA rep ndi erts এ tebe n a Daly et La a ই A rer v 
E etd জিও লন a t RATE A ভাত p গৰল MU E dosh pera " i Are ৰ vye AD put এপ enh বেস an eiar mendis rni arii ient. a ৮ পু এও ar rr do inde নাউ pe লি 
iren সলা ললো s টি পা ক পর À ^ deside arie ed edd PS a en A A eevee RAR E dps য় Mere eire nep dtd EU TU = ar সি 
qum a astare ad aco rud o ih pb IRA DAA es " a desto : E A SO ae ww ড় ৬৮৫ para a এনি ক et as p 
aani aa dot naa e Pa EIE UA A pien SARA se» = P d e : Edad irae or ee mph f miir Bo are oe ১ ara টিন o A eee guod aber e de ardere eode NE ue eee 
, EI eA e EA PRE +" <4 <” raf wo NE nu" A 99 টকা Do o mm ইক বাক প্র vp dpt Eris Ro ener e ttn m > A —-—" dette X s a ee Seta eee EA gO entire. vimm পা 
» fied wrist at an ur o AE Ch ARE r ms ego op tia d PPD || MP sd o im sn ‘ + D uer dg pem শু peder ৰ 
à হল r E EE e ALA L S " > M^ Arr ee E. heme রিল হি কপ AAA ৮৮৮ পপ টি As পা টব 
নি yr de dU s Ep a e pare ie Len atin’ A e AA rol pe HA cm টং : Y a gunned Mem ued pa A পি oa lai = শেলে লন ৰ ই e 
AS AID SL PITS ark লৰে ot d Ped - A bd > =, A panie Ae own plant in ৮ P সক > সু + 
4 - A ^ [3 hig tt OA hed ®-1 i ei PIS 4 d IL ৰ m e p ee বক্স eal PULL deep o npe drm are? pA AA nit a টো 
পু era dd e pe Oe AE কল A _— 0 শির o T- pee: পপ eee hit tet Opern কত এ 2 চস 
a ৷ ন কী dtum mor pS paa- b ad পাস dd e E dg জিল ow @ mm nd reos oe te od < ৯৩৯ ar "eee" রত সে TN 
ee uf rr oat A- ধা D ne d সা পর Oe dined [nei 4 ped পপ শব ই লি ক্ৰ 2 PS o ARIS রে 
ie DI MP রি ০ PES 2 a y e ddr d ibd eme tti A hoe a eae ৰেক aic ৰ - A গাতত লগ ত tes চে পেস a snd rer nn 
now oe oat AR O হাৰ A PEPE heb e kere a | ee A A a a dr PBT IPIS ইসির A Eee 
এ > রিকি AA yap we n aul apte E fare f^ ete moo dd ee ads pee ob arci ard e Eb a see বদ কে নেস od সু 
a IA at fil ete rN etn e PFI prae T দ্যা De টিং = শঙ্ক ত AS > a AS as টি সি কন পপ 
PS a A pore Re ভা ত AA a কে ie ma rper sme" hh ARAN apap sabe Rn eee ease hte ১২ pap vara ra oa 
jv টা E 9-৬ BOE air AAA dire ৯০৯০ AA de সপ pr এ 
a e P nó Be POA and qe da APA "১ এচ-এ য় Monero los A E o ind iid Ee নিস AR ALD 
a dd me AAA OE yeyer pet | এশ seas at marit e বস লে কতো খৰ a afe ma ir No সহ plc Diis etre 
a OEA PAPA E am perque > da sa o ME " YARIS diee dan সি pedi eee) pu সব n mit O adie পূ, e ৰ pam un pel 
টা rete eee Oe I AA e ra ০ ২১ দি oo ADS dot রত জিবি op br pos A pie ve RN a A ic 
A টি tnt tiie: AT a শাকিলা Ed PUE AA On ৰ মিত AA a AR a spine ar eC A ae সনে pee eri i de 
AS rs — ede m বেছ ৰ fama enw redire e o db it > y ds A ay পা ১১ ar ar a A নল নি eee 
= ue A A aA A E A eet " Par A ওৱাৰি কেম্প" einai Ol সব par da ia E ee 
s ৰ bd P" ML nai» v ah. m DA fte p e Aa a EA er papanne in A nt omiies সা reno টির See ae 
> i ro o fedi PaE i noir PRD a a y দা es SA in এ সপ ৰ হস paar t রি সপত 
P a E ৩০ == জা" ad SAP e A A S yere এ ARA টি বঠা A A ৰথ কৰ a mo t a aiit iE aeri মস ite Stee drm 
EI ÓN P » ; পক Ad m rnt pup কী pas uuo pier ir Pe a a ON nna rt রা বু aid রে সা e এ 
পক y = pa add - ৯ SPP gan pomme Med od টি SCS ig qn ra at সপ Oe med ope dei Sete IE e Mg err 
EA A O পি OF Salant ea: pe LS AN a pr eer de p Phe deb pibe e A De A AP A o en NES arsit dete ae 
বাশ সে ird er E dir I hay Perot peppa ee আম momen we a ee mr e tnr PS Pto A ^ quier শট ক pd শি pd ¡AA aga ot পয Mee ntt» olga papa a al we 
A A o r AA Mord পরা পপ 0 ক সি dede pum d Ar e S O tin A OO BAA end re y An — AT aem ee SS বেছে 
কপ পিক পি টিন পপ ০৮-৩৭ E rr চটি মী ৮, att 9০ Lacs. dti al wo my aru Een oe ধৰ dodi tr halt papa rr O da v parto rd ea allie 
ae me Lg A aiba a alae E T nd RA — - ~ — e A pu PES $ vat পপ সু পা re "Mund Ju. 
রি pate POT নৰৰ ce CD teh pe eee ene চু m0 0g PAT tag pra e PAR re Ro A dao মী poe পাপ পা EN ee hà Pt o d^ d ape dr e di. 2 সপ তত রর 
টি dh dnd ear mn | aid Dyer eie free Lega শি সত এ EE E PORRES sc pr E > ll SA =s Poor pr Pe pr vx pr Lannes ন je pm patri e lar 20 Eaten eee en পপ 
SEA পাতা, eer tr , po pee ear pep s be iia + nad a d s টিক A nana eA aii » - jw. ৮ E me a mM oA” কজন lt ES AA wot V ge p 
ure ET ELIT AREE e primm pro oc mph rd geo i pu steal pas tr SE ERA er TD A A y 10 pu পট y» Ss — An Y og s eem t Set a ৮১৪ de বো eran ERE a শেকল et led dip REE aA A TEE E 
Er চস x v A ral টি e» prd i লি i PRES el p^r rad p ASAS AA সি Leet E: E du e p paar HA y^ PRE an Mee ee ৯ diet" di AR Ou Deme a স্ড বিজ A Ne 
oe Sa grit tring পরশ E Moa ppl ht ad e betas te, p dee b | জা ০ veto ia papi কু এসপি es POD OOO nineties eine nor SA 7 IVAR Dn A T সু | a tem না ath ৬» Aa ত "৷ eras ot ee 
s d api প্র নি | m d M el mt মানি E pa S nn M 4 pea fd aged Mod w কা উহ E - এ 5 re mm কত ০০ Mast = d pm paga wer 
চিপস পু লি ক ethene oS পি লু OE rsp tnd A eee nee ipod f p aro Pei ow ৯০ ০০ e T A p pao এ ৰ € A P re psi Mr ede Tr dm dre aerate ae ig ee hor 
MR E re pace এরি পপ A E aedi "did A A PA a ere EE be t 2 Pee ৰু e ~ aes mp I > perro d gn টি ২০১৬৬ টিন e পপ a a genlgp ae a শন 
AN PE শম তে Ll পি বলো - ০ pay ও তে ener” টিক we Aa adh y "d e r me YS a ia re hee ee ated i ord qvidem ৬ e dm Aube পৰ po rci aria ad pa শি সি e উৰ oe 
poe ee a ARA M = 0p 409 b Rd e di নি - um "v - ' ja = pem pu A & lr di a daped | raya oe qe d 
m Cl pue GP Pe — পির সপ "ron Apra oe ds A AO ARA AM Ao per: y ba s que d M er BARAT cares c m pm rpg Perg aur Ore পাত eqs oes agp tos al ipi QE ই A O 
বা pP I gr pe Ls - ré চা roro ja? ও A ৰা =" bes PA od dn oon সিনা ক্র iud — ME ped PE re db yh Le peat aap it dq bie = মা গৰ্ব ৬ dieti কল === বে 
পে ertet aee rU EHSL Se বা e» EE লা < বা « এ এ Perrera ee E 4 b ipd e d লস ] me > pay bos Areta po ৰসিক" শূল A 
A AA লি এ d fub ar die PT iral dide ot ALIM otee m re টি r Ads poe ee putent apoyo c UV ৰ ৰিক ত iar ae U^ >. Sy oli o de A oat pe a es ds spi nt এ p pl 
2 Damer ATI P P ok ARAS diles পিকে ০৮৫ AA তালপাতত mo re শট wn - ^ e evum Nw P ed শিস y স্পা sedi | ML es - wa — ple pm RC মী ae রা co a কু 
AA রি 0F™ er পপ pee d M a ne aUa et E IÓ par Bato e nett ann al mtm pe wer টিটি e at p n Mam Pava e দর qot aen e eN e লোগ = E e e 
রস nad পি পা mer am lt eed dri pereo A A q A EA A ES dite M rust শালি IA sd Roi ৷ wwe een থর br o AR cd ¿o A ds নল A E == == 
Ml PRA ridi এস rte eo ৱি deae Pm mt চিক TIA cdl P andis Pozzo laid mm m A a >) pa ^ - "s — ৩) ওজাই nap de clon ld > te Aa ps doth কিৰ oad v^ ¡CARE a PA ই > ENE e 
রর Pe টি aed কি : ras oe mr! =, সিসিক POSE nt AR ল্শী ed AER P " aa a ange aw pines AA বিগ " a M AR lA ae Peet +e. pli Pe. d dtd Y preti ripa abrir তা 
qa arts পপ dn y^. আগ me vehi dn da pio EP PAE al "LI. P wet ee” rab De ra hys wp a M" v mw Pre pm ote a vw foo! LI ৮৯৫ ৰ টিক - perit ¿Br Haro ৰুই po Een perdi Ai বস a ies ee 
AS mud eder ico Com গণ = i eb pho MIA পপি po ক পা ght OY ০ ৯ pe io ibo re শা © E odiis ow i» ih ae টি = সা স্ৰম LA a S স্ব n oa ree Pala o Send a oi e dde ৯ গা aa a P 
PE A A o চি কে রি p a P Jg ao ES a আপু AI রিট be dam de - dee «c mn সিটি. wee w^ a পট ania - চৰকৰ শান ৰসৰ সহ E রে e a iced Qr De iir 
ভি edo টন bd a বৰ কা পন eoo det is we পি v. mg E ARE ae EAS ow VG A ত a Oe e ৰ o nt AAA D ৰ্‌ > LR aT ad সা Seer eevee 
rn d " , c - pm , y w N PRES ee aie p nm adf yur” ৰ - —» E ie P - ba en d z eres we > =N a "PET LU 
wn "স্বাৰ্থ oe as pa Toa ripae d p ভি ৰণ ৮9 shy ep eg pees Dado Ce লৈ dnated awe wi Pe frat টিক hn EN nd ~~ pas hi xig poh aaie bet Gr €. bem pe e = pto apra p a- ap eae ipe oec 4 a টা = সপ dt o roc bt ~ eps ১ 
E সা চৰ mu = m e " Qe abet Lak y, E y» fom ld ror Oey» gang " p - " me in ? ha b ৮ e ra d 2 a st a ESS dan e pl LARA "UU ie D. mid fp mem b 
A EE PEST aupa © dish Ira Pd কিনি Es o er A qw y w^ agde n o” # " A p =" ৪৪৯৮০ করি পি msan m d e svev wI a Ps pati RGC pap cup ates পে সিম b ap dare m ত AES 
রাবি a A my - FAP e দিবি গনি ps » rà তি তেরি Me a adani pee ee AE কক wow Pe no - এ PE A E a MA pono ete v লৰ ৰসত pera” ra P dis A > ta dial vewn- TY » A an 
O rre Pr SARA e A pa PES di pr E 7 PO A dpi ci omn নাক নাল ag Lir E P" "vo: wn ao এ e. ** | OP কা Es nr তে শ্ব তোলি o $e e গা nd - mee. e PEA qn SARA, de PEE tant 
A AS SAP rate A E ipa bd =< e Ch co roo io টা AA pOr DA bod টাক i শব E pudo v এই pe E cod e নাক ARA ed ee in “gt A hs pde s v dr s pap E pe ক eet, Sero Ne টী ow m m^ wam m r a m এ সপ or 
ere a a ree TE Ro dd de. p y Poder. De টনি চি w^ wem P A ০৮০৫ পৃ te do ip o tins > Lg - E AE pd coh 5 q A A ade: mo pS T 4 a oo EE ই fee 
qn dits A did A pa PAS সৰ্প এ bro টি eke . wa we PRE da PE ath dM oh A AOA e deed P1 Door peers po a x i ipic x em bs d add PE ded “ED dy da As de us pta. ৰ AA rere AA a cir i ota redit 
P a e isi A nnd Pain onc 7 লে ena AB ide uid e PLL Le awe 4 ৫০] Pau x. pe A in "3 dpi per e T , m aet ৯১০ ক a q RRA N e dane A lola পি সত শি Wend 
PA aaia PA do ads ated ~~ ED ^s 0 r vy তরিকা Fatt PAT E a od রা গন” pu nd ro $ চি sr T হি ed — eee ed bé NT ১ জি বা A^ de ode oe prd m) rp Seta tar ০ hs ww mew টব SENN oe wm শৰ 
Cage = ভস্মে a S er e e ৰ bios gon zs o সি e mds be f d "eve | e^ E A চে qe ya p. : = eet ৰ শত = d A E 3 বক ৰ id শো ০ pri 0 End সত এ RETA T9 cated 
ee ENE nn taht pond ww ipe এরা ভি কল জলি সাত je sm st ype এগ সি rer Adan Ge - mu d bal a D ar rod r Des eod LE d EE 0 dum T WE " id^ e ed 7 e "E im Brit Pa লে a tt rd ৰ ৰ ৰ A AR ets Lp 
A ae papra Dede rem" a" PET du) per Es Ta bd e L A ¿e deo রি wen v e meo. | er ane sor ৮ হি] x iple iE. ২ এ a = LES ও ক ক রাশি চিএ edidi সান on 
dads PR. is reser enm eo Vr AT পুত d M 3 eme euh SIEUT PRI bd BE adh ৯ =e pee o E yu e aS pe Rad dor ত, a (পতা সৰ dp TS এ ও নক পা ক ৬৩ ibus 
pd aa d রি কনি pepe A eter p» ১১৫ * ১৩ টিক Ed v m o v o f a P ছু aN = A ৰজ nie ei i 4 a rt SEL and vou did uper 3 em dut MA oo এট ৮০৬ নি > pa ew ux 
= remm ame টন AA ১ do dn bs tute pr xr ey 0 ~" A " d y r Š = ৯ লি e "mt oe sy Pied aes GLa m. CA - " nmn diit + ad vr - a if saw ode, M bris pao = E obest স্শ্লাশ dle = dest aye apt di A se dae a ae 
pa দি পানা বা পর জপ একা শি নি ES a eres AT i A didis nd "LA es ¿bos pau a A dini: mee S ah vw ^ € P ari o m ^. y EL A ar mds ৪০ ভান dira পে সস ভৰি a Er 
v^ - — টি a ir Te abate Pee AT tee A ned » P. - ind m ৷ uy $ w বাদ = এ. A 4 গর m "mv y dn e e E^ pue = টা মমত চাপ aia o sl HE al pre” কে mam o LN cap me 
e ro PEDE PUE igo ih d perd IAS টে পপ টু ee এ e an. 9." Ao am টি e ow x e লি vasi: মী " Rep aa ed A E পরেশ node A o b dv 
এম Deu ASA notabili my pre ta tam ৬০৮ এল ওক পদ OF idiot ae ET po Bits e s "m ae bo ^ iet Le a ar bl ioe cwrre Y এ + E " w^ T ei PER a m ne e ro E a d LUIS ei. > e ve e o r P S e ওঁ" ত অট সপত? "" ২৬ c nt aer NE gita ow 
La a ৰদে ae " po f m i = y q” y -+ m " m p c ন "d E p » = ন A | ML D ^ p ~ 
টিপ ae ape eds " ০ I vi deri atm hoped ae F POET ৮৫৪৮৭ woe টি dd reed n prm e YT e /= - oa as a » po A gy - পব সস এল Re meh = DEt at MT VM Ru Jine e Qa e prd T. da Php 
x > pu e” E E E - ৰ ক E de) P ০ = 
Togt oa we. ow ctt aput nm AA A E A PAE d IS t ক Ripe age -- aig v $n " E se i pue নল AO o লে AA রত কৰ m ap হী ^e = কি chanel ক সপ ৰ A oa Sh a a 
Mi- Eire o al দিল: নয় | | wet y rose > “ A O co $ ms দিক illl od d © E PA p $ bas E E TP Ld ০ d m y - món = aad aur ০ — ow PEN | es ০১ cael o ত 
A ranae tm tnd রব 7 " p M a rra ostii w d oo e ন্ৰ্ E " " 3 a M " — ~ ~~ æ ~ = 
= ঢোকা থা আৰাম আল E di 9 e yea aid Pop তে o লাউ কপি dp aa bi Z4. 1 b- > y y hd "z Y - "Io dm b 4 = e Moni To s A স্বস্থ Am ক তং a fe ডৰ আক ছু চী ন mi সস ৯ পা 
- — ৮ z P had ue t.s. ~% ~ Be > die v d ~ obe dr phe we mmi rs 
পু ~ ত er Lr are pa P TEE EPIA SA 18৮৮৭ abd JA t CARL Lt AA ^ Ma Ba পি Al by m i ay dee a iind PAN টম লে 
Am ica eger PESA dedo Pr e a. ded C eum গেল ee ৰন s à sco s nr - e oy 9 " তা o e ig ae E 1 a I un E > ge depre 7 m ৮০ ১৯ টিং সে Rc Tie puu y AR “oe pe ক্ল ৰজ 
কণ diced d P Y < v mr mo E = = " a a d ana ma o EE od - tp "t 
ne e ত pene CET rip or eo: টি n A A এ + dd AA oe bud v - E E we c^ - wr কে ন ৰা es rd E^ La irs n d p^ ba পি pac py আন চুপ ক ee ee » লী -— ২০ ^ ই w 
"- EE E AGONY PRE Ld! তাস, A - e e টস পা - PE rediens peo eiat PA ds y y P P এ "s Mine EE e a S সু ium rr Pn o চি: ae ote te in এ কৰয় সপ লালে শল ১০৬, 
টা টি ৰ pm Mt ser ep d : " Ai "à e T. e d e - AER | e - E সার্ট: 5 i unn > aet ed rd? k. আজ — pon an ca eer === - mte tW ww টস i MEM. ww 
hod oe greta dt pa Peet আগি Tied SAD a hw e yv " p v ian nd p P e " A t ud নন > ww none a =. T Pa didis ত NEHME oe Oe HA E b es de পি apti trito চিন 
ae pam ppa dimito det আগে গে del এ ১ PRE d ia DPT a "I y» e Peu E ed " Le ale Y E — Y E En) PE De ৪০ " আজ বদ লৰ a + pd aut A dh Qu. Pr p ete 
» i did Pon ed” pra ০ - SUYA গল P e ae S odi de c বতৰ ততো per debt ^ P ka bd hd ^d EV = ^ bd 3 = 2 জীৱৰ 2 e E”. M M 2 me" a sss a ys w-—-77 o end s A alien 
Ae ৰি hae TPT See নটি € a aap pe^ "^ Lal ~ er PLE পল = ৰ ino - m " Hg - = ae hue — a কস এ নে স্প EE db nud y me 1 ndm; = Ep S a x সি par rt 
Bon em E এত চি PRE E লি নম্ৰ E = uy Y টি CE sfonde Pte > e qa Es E = las E Da NP Ed ee PL id e” o y y pipe IR aara Sante E wm" 
a eme Sait, EA wt a He gei e ih কাজ ক ও জি - ww E ue me A) লৈ - bn, E d A Pi FEET nudi — = —Ó -—9 mM . ww um M pare un wy TS oes uS 
= € AS y pese il Eve d এর aa সি E € H PE de "m P E TE a Lh .. e po e y. c qa e a পি q. * E. m ue ome A per e BE ur II না 
= pia ds te s pe T e poz in dime are é: ati "m > s mu । > টিকে s > j ৮ — = P m টি q e eu আগ * * "C ls E পে কু peto eo^ কি বশে Ao eiie e a fa 
- "ray pal E CT teil y M V mas | শলা P c a. s - » "T s PL ~ we os iy kj iz dub. A Et Modine pre *- bs dup EN ~ SOR IT o O AS 2 in ime টির 
ৰু Ea " eth di iim ন t = 2 - ud I PEU E deis " SA 5 o^ £ m E P m অব | P dnd e ত ano attt 2 A e» wm 9 i চব 
— M d e e o LL y ^ or P vnd d 2 গণ t aii. "UN ^ - v rs pe^ A = ৰ he ডে থা w^ - vue sine লস | এল wd Deed Pd [d =% নস a M indi 
¿e nd a a e . e”? po "^ y ro ere unm পি a ae e v -— E M য় ৰণ TT NN € » A tie ৰ RS BT TS hal ee EEG ~ 
JEN dae A 7 lid n d s eret n " m e + eu oe” eee eee im = ৰ had E wt a nee এত bd এ" == ফী জা pid নি ey a a 
e PE — ad PA ld a wee re nd us ^ s e? L^ 4 চি 4 Ed ` " - ন > সিন =f = Ae P পাটি iri s v E Me ind yc m is e এৰ v নরক e P 
y ক ক b E ড্ৰ E 2d yc pt 5 E" e EN e Ld Li - y hé. v Pv: o E P ৰ: চিনে me b san mo Ne ASIS E. - ~~ EP aden a 
e> e w mn আছ সপ owe F A + P" e e A 5 S = dee y ~~ s d d চি - P = id ময় = = ত ০ p == ন ৷; bd ক ~~ তে 22 = ory 
— — i E P " = — - Gigas - 
s Y E = e ES s ie > sepia ned ” - e ua ও তন m = D - "S sty " ~ E e “a : চিত cn dar res AE qe ডে m IU. ui 
a es sig - ó os abge" “ডে লা var - : i ঢ় ছে a gan A n ec tm E. ne men ee AES git A ae 
"n = 7 ES qt 7৯ raig স্ব দা Abe p E. nt at » Lu É L v e . +. v v e g^ n উৰ DD = e ও a | — এ, তালি রি i: x c = 
> নিলি ৰা t pe he es DT Ms od E a 5 A - pi: > pi q he ow ee appe c m LL edad A 
SS. ks e, DUM e * e v - > rd s নিই "a es এর E d. ae A = এ | । gib ns o 
E হি Eu "V - do - ic 4 b; e ই. . “Y o. RE nd d কা ০৬০ সি == শি কা du 
p" wp) r a e P al hd nr nl LR rm RA a m ES বুলি তেওঁ "E 0; ~ চা cw ru 
m - ৬ > * S সলি্শিন 9 - -— e 
Pl sd je - É v E Ed w^ - y | ~ "e e tag ali E apo, pisa i o টে ৯7 টিপি 
hd "d = d pe d ঢোল e 975 od d PS E Id FREES ^ me o AA at a ডা 
ki f E o % md : - em PE P PLE ২ a e FLEX Las we s ৷ 
Sy oe i — RAS মীৰ so e ne y me ET লস d as 
4 pa বাৰ্ণ „a X হস A oan er ann 
"E Net এচ vee © বুৰণ পাল অল সী | ASA ঠা 
i মিটার 9 - | wor} ক SN OC Eh 
hd pu ৰ <== পপ ৰ ভক ব্ৰত Es E a 
E E a md ~ ead PA te 
e E PA er UL ondas চট sci. P এন dnd 
E ^a y we? বর উর ৮ আক 
mre d gu LR দৈ e ~ 
` be A E m 
~ e dx. 
—- গার A) = -— 
“a ২৪ Y mm e m 
A 


DUDLEY KNOY [33uA*Y 
Ni Y 4%. 
MONTEREY, CALIFORNIA 98944-5002 














NAVAL POSTGRADUATE SCHOOL 


Monterey, Galifornia 





MAL 


A PRELIMINARY STUDY:  USMC TACTICAL 
COMMUNTCATIONS TECHNICAL CONTROL NEEDS FOR 
THE LANDING FORCE 
INTEGRATED COMMUNICATIONS SYSTEM 


by 


Donard E. Creighton 


September 1985 


Thesis Advisor: Jack W. La Patra 





Provedir or public release; eastribweion is unlimited. 


1226211 





SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) 
READ INSTRUCTIONS 


. REPORT NUMBER 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER 


4. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED 
Preliminary Study: USMC Tactical Master's Thesis 
ommunications Technical Control Needs September, 1985 


ommunications System 
7. AUTHOR(8) 8. CONTRACT OR GRANT NUMBER(s) 















Donald E. Creighton 


9. PERFORMING ORGANIZATION NAME ANO AODRESS 10. PROGRAM frase RO ECT. T ASK 


AREA & WORK IT NUMB 
Naval Postgraduate School 
onterey, California 93943-5100 





12. REPORT DATE 


September, 1985 


13. NUMBER OF PAGES 
173 


15. SECURITY CLASS. (of thia report) 








11. CONTROLLING OFFICE NAME AND ADORESS 
Naval Postgraduate School 
Monterey, California 93943-5100 










+ MONITORING AGENCY NAME & ADORESS(if different from Controlling Office) 











15e. OEC 


SCH 





L ASSIFICATION/ DOWNGRADING 
EDULE 






16. DISTRIBUTION STATEMENT (of thle Report) 


Approved for public release; distribution is unlimited. 





17. DISTRIBUTION STATEMENT (of the abatract entered in Block 20, If different from Report) 


18. SUPPLEMENTARY NOTES 


19. KEY WORDS (Continue on reverae aide if neceeeary and identify by block number) 
Communications, Technical Control, Multicriteria Decision Theory, 
Landing Force Integrated Communications System (LFICS), 
AN/TTC-42, AN/TSQ-84 


20. ABSTRACT (Continue on reverse aide if neceaeary and identify by block number) 

This study uses a systems analysis approach to determine the 
communications technical control needs of the Fleet Marine Force 
as the transition from analog to all digital systems occurs. 
Introductory material is presented on the Landing Force Integrated 
Communications System (LFICS) and associated methods of communica- 
tions system control. The decision problem is stated as a needed 
choice between alternatives in both near term (1987-1990) and 


ঃ 
এ 
i 
$ 


90 17253 1473 EDITION OF 1 NOV 65 15 OBSOLETE 


EE or 650! l SECURITY CLASSIFICATION OF THIS PAGE (When Data Entero: 


a El 
SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered 


Or 


long term (1991+) eras of service. Examined are the 
technical control functional requirements for both the 
transitional near term and the eventual long term digital 
systems. The study raises issues on the automation of 
technical control in the development of a systems engi- 
neering functional description of an "ideal" facility. 
Consideration is given to the many other service and 
industrial solutions in the formulation of ten alternative 
approaches to the total solution of communications 
technical control in the near and long term. A qualitative, 
ordinal valued, multicriteria decision theory model is 
applied to the selection between these alternatives as 
Opposed to a more quantitative cost and operational 
effectiveness analysis (COEA) study approach. The decision 
model is fully developed for this application and for 
general future use by the interested reader. Conclusions 
and recommendations are made based on analysis of the 
modeling results. Appendices provide necessary supporting 
detail and include issues and topics for future study. 


পপির EE EE 
SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered) 


Approved for public release; distribution is unlimited. 


A Preliminary Study: . 
USMC Tactical Communications Technical Control 
Needs for the Landing Force Integrated Communications System 


by 


. Donald E. Creighton 
cepi. United States Marine EE 
25৮3 Ones ty of Hawaii,_197 
B.S., University of Utah, 1976 


Submitted in partial fulfillment of the 
requirements for the degree of 


MASTER OF SCIENCE IN OPERATIONS RESEARCH 
from the 


NAVAL POSTGRADUATE SCHOOL 
September 1985 


ABSTRACT 


This study uses a systems analysis approach to determine 
the communications technical control needs of the Fleet 
Marine Force as the transition from analog to all digital 
systems occurs. Introductory material is presented on the 
Landing Force Integrated Communications System (LFICS) and 
associated methods of communications system control. The 
decision problem is stated as a needed choice between alter- 
natives in both near term (1987-1990) and long term (1991+) 
eras of service. Examined are the technical control func- 
tional requirements for both the transitional near term and 
tne eventual long term digital systems. The study raises 
issues on the automation of technical control in the devel- 
opment of a systems engineering functional description of an 
"ideal" facility. Consideration is given to the many other 
service and industrial solutions in the formulation of 
twelve alternative approaches to the total solution of 
communications techrical control in the near and long term. 
A gualitative, ordinal valued, multicriteria decision theory 
model is applied to the selection between these alternatives 
aS opposed to a more quantitative cost and operational 
effectiveness analysis (COEA) study approach. The decision 
model is fully developed for this application and for 
general future use by the interested reader. Conclusions 
and recommendations are made based on analysis of the 
modeling results. Appendices provide necessary supporting 


detail and include issues and topics for future study. 





Bee ieee ig ts > |; 
NAVAL POS 413 0725010) i3 iC 

AS 7 SOADOL 
MONTEREY, CALIFORNIA 95945-8002 


TABLE OF CONTENTS 


I. NA IAN A ee see © © © 15 
A. PURPOSE . > «© « © © © © © © © © © © © © o o o 15 
11785575859 85-57-১892 ভারা =o ০ ০ «© o... 15 
Ci 55555 77155 OMEN... = © + © « 16 
DS DAN OA LACA aa a e + * ০০০16 
DS AENA THE NEED «e z > > © > o « « o o 17 


BT. LANDING FORCE NODAL COMMUNICATIONS o. . © . > > œ > 19 
A. MILITARY COMMUNICATIONS SYSTEMS - GENERAL . . 19 

নিলে 59505517757 8105 25 ০ ee ee © © © © © 20 
¡ao dato Digital Transition = ৬ ৬ ৬ ə ə ə 21 

2. Focus on a Generic LFICS Node . . ... . 22 

3. LFICS Employed as a MAF Network . . .. . 22 

SNE ADA SEUNCILONENGI lo > © © o e © >o « 284 

Doe oo Need Serene eben ERATE “5 95 s > > >o © « © «© «© 26 


UTI. COMMUNICATIONS SYSTEM CONTROL AND MANAGEMENT . . . 27 
22727752525 ৯. ৩২০ « © « « « 27 
077 visee (Cont rmOleioSYSGON) . os <« « s « « « . 28 
2. System Planning and Engineering (SPE) .. 28 
3. Əperational System Control (OSC) . . « « « 28 
4. Operational System Control 
০766517৮42৮ ৮ ৪7০ ৮ ৩ ০০ ৯০528 
5. Technical Control (TECHCON) "EE M. . «12109 


IV. TECHNICAL CONTROL OF AN ANALOG/DIGITAL NETUORK. . 30 
A E M. ES Il 1 o. ^». . 30 

1. General Technical Control Functions .. . 30 

2. Interoperability Considerations . . .. . 33 


Sutono tiono Technical Control? . . .. . 33 


4. Levels of Capability © < eae. 
TECHNICAL CONTROL ASSUMPTIONS . o. o o. o + 
TECHNICAL CONTROL FUNCTIONS AND PROCEDURES 
1. Expanded Description of Functions . . 
2. General Procedures for Implementation 

o£ Functions a a on d TES: e 
SUMMARY OF DESIRED TECHNICAL CONTROL 
IMPLEMENTATION ৬ ০ ৩ ৩৩৩৩৩৩৩৩৩৩৩ 
1. Technical Control Functional 

[0035 05106868602 2 না Nee UG 


2. Technical Control Block Dagram 9 


ALTERNATIVE SOLUTIONS TO DIGITAL TECHNICAL 


CON TROL 2 2 2 o a 2 2 o o o o 2 2 o o o o o 2 
A. UNDERLYING LFICS ASSUMPTIONS . o. a. © « « . 
B. CENTRALIZED/DE-CENTRALIZED CONTROL OF 


TECHNICAL CONTROL .. 4 4. 4 4 «© © © © »© » » 
CONTROLLED EXECUTION, CF TECHNTCAL CONTECE 
ACTIV TITIES ee sen ques eee ee ee oe 003-0 M তি 
CENTRALIZED TCR ALTERNATIVES cee cn Sr 
1.-.US Air .Force Facility An eso iil 
2s. US Army Facility (ANV/TTC A. তান 
3. Planned USMC Circuit Switching 

Facility (ANZITC2A?T)N e a 
4. Analog and/or pigita lpr মা TN 
5. Existing USMC Facility (AN/TSQ-84) . . 
6. Existing USMC Facility with Interface 

Modifications e: m P en eee 
7. Modified USMC Facility with Added 


Digital Capability P M. 
8. Upgraded USMC Facility with AN/TSQ-84A 
Kit o o o æ a a o o @ e o o € a o o 


Fes New Start™Digital TEDE ANTSO XIN: 
SUMMARY OF ALTERNATIVES E SM 


37 
38 
4 0 
40 


42 


45 


45 
4 7 


48 
48 


50 


51 
32 
33 
ত) 


54 


54 


54 


25 


239 


56 


56 
57 


VI. 


VII. 


AN APPLICATION OF MULTICRITERIA DECISION 
THEORY © e © © o © o © «9*9 © o © 6 « © © o o 
A. DEFINITION OF THE REQUIRED DECISIONS . . 
B. SUMMARY OF THE CRITERIA, APPROACH AND 
IECHNIQUE . . o « «© «© © © © © © o a o o 


1. Presentation of the Criteria .... 


2. Discussion of the Ordinal Scale Values 


3. Why Other Decision Techniques Do Not 
Appiy e e o e - o o o = o ©&® o o o . 

4. Assignment of Values to the 
ALEC DA ELMO SS sae w)ustasane as E E e. এ 


92. Summary of the Resulting Alternative 


WCC COLL 7০ 9c. WE uo 9 ৩ 
Cs APPLICATION OF DECISION THEORY . . . o. = 
a DORI aLa, মম aa © « s * « « e * s 


2. Selection Based on Aspiration Levels 
3. Ordinal to Utility Value Conversion 
4. Selection Based on Dimensional 
87771577575 55 22:52:2১ ৬ ৯ * * 
5. Selection Based on Pair-Wise 
Manpn-whvytney TOS. e o. >» > ə > 
D. SUMMARY OF ALTERNATIVE SELECTION PROCESS 


CONCLUSIONS AND RECOMMENDATIONS mE. 
IX STUDY OBJECTS SE a = “se © © = * o 
1. Applicable FMFM 10-1 Digital TZCHCON 
A T... 

2. Implementation of TECHCON Functions 

Pee Sak STATEMENT OR THE NEED ০ a == 
C. APPLICABILITY OF THE AN/TSO-84 FACILITY 
DOE EEN ADE ES TO THE AN/TSQ-84 FACILITY . 
E. CONCLUSIONS AND RECOMMENDATIONS FOR THE 
1 7777759115-75511 22:25 « « = « > o o = 


l. Near Term Recommendati0N . . . . ə + 


60 
60 


60 
60 
68 


66 


69 


71 
72 
73 
74 
79 


79 


৪3 
86 


90 
25 


351 
- 
95 
25 
> 


9 9 
29 


2+ Long Term Recommendation . <= = ə = a a > IOB 
F. APPLICATION OF DECISION THEORY IN SYSTEMS 
ACQUISITION € e o o o e e o o - + ^ e o o o 10 1 


APPENDIX A: COMMUNICATIONS CONTROL FUNCTIONS AND 
TERMINO LOGY e o e e e o o o o o e = o e e 10 3 


APPENDIX B: A/D CIRCUIT PROPERTIES AND IMPAIKMENTS 8 
LFECS SIGNALS o o e e o e o a o o am 2 Ld a 117 


APPENDIX C: SUMMARY OF TECHNICAL CONTROL ALTERNATIVE 
EQUIPMENTS e e e e © e LÀ o e e e o o e o e 122 


APPENDIX D: FUNCTIONAL AND SYSTEM BLOCK DIAGRAMS . . . 132 


APPENDIX E: DEVELOPMENT OF CRITERIA FOR DECISION 
THEORY PROCESS . «= . © > > + > =a a o o < P DRENERE 


APPENDIX P: DETAILS OF DECISION THEORY "PROCESSES |.) eae 149 


APPENDIX Gi: SUMMARY OF LFICS RELATED ISSUES FOR 


FUTURE STUDY A . 22:0 ENE ENE 164 
LIST OF REFERENCES Ce. ee 2 5 52517550 255 VI 
BIBLIOGRAPHY  . 4: 20 5 200705 2 0 171 
INITIAL DISTRIBUTION EISTOAMO 02 12 175 


10. 
11. 
12. 
13. 
14. 
15. 
16. 


I. 


18. 
I 


LIST OF TABLES 


GENERAL TECHNICAL CONTROL FUNCTIONS . . .. 
ASSIGNAENT OF NEAR TERM VALUES নল = ত = 
SUMMARY OF SCORED ALTERNATIVE VECTORS . .. 
INITIAL ASPIRATION LEVEL THRESHOLD VECTORS 
SUCCESSIVELY RELAXED NEAR TERM ASPIRATION 
VECTORS RE a a sees. 
SUCCESSIVELY RELAXED LONG TERM ASPIRATION 
VECTORS >. © > > o > © a © © © © © © = o 
ADJUSTMENT FROM ORDINAL TO UTILITY VALUES . 
ADJUSTED ORDINAL TO UTILITY VALUED 
ALTERNATIVES ৮5 . ০ e. তা ৬ 
FIGURES OF MERIT - RESULTS OF DIMENSIONAL 
ANALYSIS e e >» o © © © o © © o o © © © বেছে 
SUMMARY OF PAIR-WISE MANN-WHITNEY RESULTS . 
SUMMARIZED RESULTS OF DECISION ANALYSIS . . 
COUNT OF NEAR TERM ALTERNATIVE ORDERS . . + 
COUNT OF LONG TERM ALTERNATIVE OKDERS . +. + 
LFICS MEDIA AND SIGNAL CHARACTERISTICS e = 
ASSIGNMENT CF LONG TERM VALUES = *৬ © © o o 
SUMMARY OF SCORED LONG TERM ALTERNATIVE 


VECTORS -. © ə «© © o © © © © © © « © «© © o o 
INITIAL LONG TERM ASPIRATION LEVEL THRESHOLD 
VECTOR e © © © © © © o e e o où o o o o o o 
MANN-WHITNEY RESULIS - NEAR TERM = o o o œ 
MANN-WHITNEY RESULTS - LONG TERM E 


31 
70 
7 1 
77 


T7 


78 
80 


8 1 


8 3 
85 
87 
87 
88 
121 
150 


151 


154 


160 
162 


LIST OF FIGURES 


La) A Typical MAF Network . . . . . a © > o o o « = » oe 
22 Signal Routing Within a Typical Node . . .. .. . 25 
Computer Suite and Facility Controller . . . e e 134 
D. 2 Desired Automated Technical Control Facility .. 135 
Diagram of Generic LFICS Node = . = « èe . = > « s 137 
D4 System Block Diagram of Alternatives 1 and 2 .. 139 
System Block Diagram of Alternatives 3 and 4 . . 140 
D.6 System Block Diagram of Alternatives 5 through 
10 . . . as dae ee UES 79 « SOT T A ERN 
D. 7 System Block Diagram of Alternatives 11 and 12 . 143 
F. 1 Aspiration Rejection Space and Relaxation . . .. 153 
Fad Several Examples of Simple Utility Curves . . . . 156 
Er Vector to Scalar Transformation in 3-Space . .. 157 


10 


LIST OF 


2-H 
26-Pair 
4-W 

A/D 

AC 

AIS 
AMDF 
bps 

BER 

BIT 
BITE 
৮ 

CM 

COAX 
COEA 
SOS EC 
Cond Diphase 
CESE 
CNCE-M 


ঢ় সু 


COMAC CN 
CPE 


CRT 
CSCE 
CSPE 
evo) 
DC 
DCA 
DCE 
DCS 
DGM 
DMDF 


ABBREVIATIONS, 


ACRONYMS AND DEFINITIONS 


2-wire circuit 

26 pair assault cable CX-4566 
)-wire circuit 
Analog-to-Digital 

Alternating Current 

Automated Information System 
Analog Main Distribution Frame 
bits per second 

Bit Error Rate 

Built-In-Test 
Built-In-Test-Equipment 
Communications-Electronics 
Configuration Management 
COaxial CAble CX-11230 

Cost and Operational Effectiveness Analysis 
COMMunications SECurity 
Conditioned Diphase 


communications-Electronics System Element 


Communications Nodal Control Element 
(Management) 

Communications Nodal Control Element 
(Tech nical) 

COMMunications CONtrol 

collective Protection Equipment (nuclear, 


biological, chemical) 

Cathode Ray Tube 

Communications System Control Element 
Communications System Planning Element 
Continuously Variable Slope Delta 
Direct Current 

Defense Communications Agency 

Data Communications Equipment 

Defense Communications System 

Digital Group Multiplexor 


Digital Main Distribution Frame 


11 


DI 

DTE 
DTG 
ECP 
ECU 


EW 
FDUX 
FM 
FMF 
FMFM 
FOM 
FSSG 
Gbps 
GHZ 
HDUX 
HMDF 
ILS 


JINTACCS 


JTA O 
JTC3A 


KDps 
kHz 
KW 
LCC 
LCE 
Level 


Level 
Level 
Level 


LES 
LEC 
MAB 


So» 
<1> 


€ 3৯ 


Developmental Testing 

Data Terminal Equipment 
Digital Trunk Group 
Engineering Change Proposal 


Environmental Control Unit (air conditioner/ 
heater) 


Electronic Warface 

Full DUplex 

Field Manual (US Army) 

Fleet Marine Force 

Fleet Marine Force Manual (USMC) 
Figure of Merit 

Force Service Support Group 
Giga bits per second 

Giga hertz 

Half DUpleX 

Hybrid analog/digital Main Distribution Frame 
[Integrated Logistics Support 


Joint Interoperability of Tactical Command 
and Control Systems 


Joint Tactical Air Operations 


Joint Tactical Comaand, Controi and 
Communications Agency (formerly TRI-TAG 


Kilo bits per second 

kilo hertz 

Kilo Watt 

Life Cycle Cost 

Line Conditoning Equipment 
mission essential capability only 


mission essential capability plus  miniaum 
manual capability enhancement 


mission essential capability plus nominal 
nanual, semi-automatic enhancement 


mission essential EDD LEN plus p auto- 
nated maximum capability enhancement 


Landing Force Integrated Communication System 
Linear Predictive Coding 


Marine Amphibious Brigade 


T2 


MAF 
MARDIV 
MAW 
Mbps 
MDF 
MEP 
MHZ 
MIFASS 
MOS 
MPL X 
MOE 
MSARC 


NRZ 

OSC 
OSCC 

OT 

PCM 

PIF 

SPE 

SW 
SYSCON 
TADIL 
TAOC 
RCC F 
mer 

TCO 

TDM 

T EC HCON 
TECHCCNFAC 
TMDE 
TRI-TAC 


TSO 
TSU 
ITY 


arine Amphibious Force 

Marine Division 

Marine Aircraft Wing 

Mega bits per second 

Main Distribution Frame 

Mobiie Electrical Power 

Mega hertz 

Marine Integrated Fire and Air Support System 
Military Occupational Specialty 
Multiplex (or/ed) 

Measure of Effectiveness 


Marine (Corps) 
Council 


System Acquisition Review 
Non-Return to Zero 

Operational System Control 

Operational System Control Center 
Operational Test 

Pulse Code Modulation 

Patch and Test Facility 

Systems Planning and Engineering 

SWitching equipment 

SYStem CONtroi 

TActical Data Information Link 

Tactical Air Operations Center 

Tactical Communications Control Facility 
Technical Control Facility 

Tactical Combat Operations 

Time Division Multiplexing 

TECHnical CONtrel 

TECHnical CONtrol FACility 

Test, Measurement and Diagnostic Equipment 


TRI-service TACtical communications agency 
(obsolete, now JTC3A) 


Telecommunications Service Order 
Test Select Unit 
Telet ype 


13 


ULCS Unit Level Circuit Switch 


VF Voice Frequency 
WD-1/1T twisted pair 2-W HDUX "slash wire' 
WF-16/TT twin twisted pair 4-W FDUX 


14 


I. INTRODUCTION 


A. PURPOSE 


This study is planned to provide the basis for more 
specific follow-on studies in the area of USMC digital (and 
residual analog) technical control needs in the near 
term (1987-1990) and the long term (1991+). It will provide 
a framework for decision among alternative choices to 
initiate action to modify or replace the existing communica- 
tions technical control center, AN/TSQ-84, in order to 
Satisfy the functional requirements for communications tech- 
nical control in the Fleet Marine Force (FMF). 
Additionally, it will provide an assessment of all technical 
control functional requirements during this analog to 


digital transitional period. 


B. SUMMARY OF REQUESTED STUDY 


Technical control of communications systems is presently 
implemented at Marine Amphibious Force (MAF), Marine 
Division (MARDIV), Marine Aircraft Wing (MAW) and Force 
Service Support Group (FSSG) command posts by the employment 
of the Communications Technical Control Center,  AN/TSQ-84. 
This facility provides for the Technical Control (TECHCON) 
functional requirements described in FMFM 10-1 [Ref. 1: 
pp. 3-16, 3-17] and has proved adequate for the analog 
architecture of existing Fleet Marine Force (FMF) communica- 
tion systems. The result 1S a single focus for the execu- 
tion of Systems Control (SYSCON) planning, installation, 
operation and maintenance technical directives in the 
employment of these FMF systems. With the Department of 


Defense (DOD) commitment to transition to an all digital 
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communications environment in the FMF, it is essential that 
the TECHCON be capable of meeting the needs of the emerging 


digital technology and systems architecture. 


C. STUDY OBJECTIVES 


This study is to determine the digital technical control 
requirements, and discuss the modification or replacement of 
the AN/TSQ-84 to provide the necessary facilities in a 
digital (and residual analog) communications environment. 
This will provide an essential element in assessing the 
impact of digital systems and digital data communications on 
the Landing Force Integrated Communication Systems (LFICS) 
architecture [Ref. 2: Chapter 5]. 


There are three explicit basic tasks: 


1. Determine which of the FMFM 10-1 TECHCON functions 


apply in a digital environment. 


2. Identify implementation methods for these digital 
TECHCON functions. 


3. Determine to what extent the AN/TSQ-84 can accomodate 
the digital functions; and, if deficient in digital 
TECHCON functicning, determine modifications to the 
AN/TSQ-84 which would satisfy these requirements or 


identify alternative solutions. 


D. STUDY PLAN OF ATTACK 


A survey of all development activities in the USMC and 
other services will pe conducted to identify unilateral and 
joint service "work-in-progress" and alternative solutions 
related to digital technical control. Both commercial and 
military literature will be reviewed for technological 


impact. The ultimate goals of this process are to identify 
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and exploit mutually satisfactory applications of digital 
technclogy, research, and development, and insure a high 
degree of compatability between fielded technical control 
facilities. The documents which will determine the viable 
USMC alternatives and solution will be the FMFM 10-1 and the 
USMC Command and Control Master Plan [Refs. 1,2] in agree- 
ment with emerging digital network management technology, 
and interoperability constraints identified relative to the 


other military services and industry. 


The presentation includes necessary introductory 
material, such as: নি description of the USMC landing force 
integrated communications system (LFICS), and a brief 
discussion of network control and management. Following 
this introductory material, the study will focus on a 


discussion and presentation of the need, mission, and func- 
tions of digital technical control in the LFICS; a presenta- 
tion of several alternative solutions; an application of 
multicriteria decision theory in the selection of a "best/ 
better" alternative; and conclusions and recommendations. 


Also included, as Appendix G, are topics for future study. 


The reader 1S encouraged to refer to the sectioned 
bibliography. While many works are included which are not 
cited by reference, the list provides broadly categorized 
sources which range from introductory topics to material of 
great depth and complexity. it offers an excellent starting 
point for future research into the issues raised in this 


study. 


E. STATEMENT OF THE NEED 


Ihe tasic assumption during the following discussion is 
that the existing technical control facility, AN/TSQ-84, 


will either prove to be totally inadequate for the mission 
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or it will be clearly inferior to otner existing, developing 
or new start facilities. Under these conditions, the 
discussion begins with a summary statement of the need (s): 


Need 1: Near Term (1987-1990) 


Determine what systems and/or equipments are 
required to meet the needs of near term hybrid 


analog/digital technical control in the LFICS. 
Need 2: Long Term (1991+) 


Determine what systems and/for equipments are 
required to meet the needs of long term all 
digital technical control in the LFICS. 


A A SA come tats SO ae sie A 
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II. LANDING FORCE NODAL COMMUNICATIONS 


A.  MILITABY COMMUNICATIONS SYSTEMS - GENERAL 


It must be remembered throughout the following discus- 
sion that, although military systems may appear similar to 
commercial systems, there is a basic assumption which must 
not be overlooked. As stated by Torrieri: 

"In contrast to ordinary communications systens military 
communications systems must be designed with the presump- 
tion that they will operate in ostile environments. 
Consequently Special techniques that might be irrelevant 
or even harmful ina ordinar communications are needed for 
communications systems that are to be viable on the 
battlefield." (Ref. 3: Preface] 
Although military systems employ the same technology, and 
often the same equipment as commercial systems, the essen- 
tial difference can be summed up in the catch-phrase 
"Survivability." The military environment places 
constraints on the communicator which result in the fielding 
of systems with unigue properties. Clearly not all eguip- 
ment designed for military applications must operate over 
the ccmplete range, of day-to-day peactime operations and 
training through total nuclear war; but a reasonable and 
affordable compromise is certainly achievable [ Ref. 4]. 


Bcth commercial and military systems suffer from the 
degrading effects of circuit properties and impairments. 
Tactical employment exposes military equipment to the worst 
of natural and man-made disruptions. The natural electro- 
magnetic spectrum is inherently hostile, nilitary systems 
are faced with the additional burden of enemy interference 
With circuit paths through intrusion or jamming. The 
tactical necessity for frequent movement; installation, 


tear-down, re-installation of systems, takes atoll in 
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equipment casualties. Finally, there is the very real 
possibility of direct enemy attack upon command and control 
centers. If these assaults are successful, all or part of 
the communications system may be destroyed or disabled, 
thereby temporarily or permanently disrupting major portions 


of the conmunications capabilities. 


The military communications system must survive to 
provide service to its users. This neccessitates a view- 
point on selection of equipment and system employment which 
maximizes survivability in a catastophically hostile envi- 
ronment. System survivability cannot be achieved by 
focusing solely on equipment. While it is certainly neces- 
sary that equipment withstand the exposure of the battle- 
field, a higher level, systems approach to survivability 
provides a more viable solution. The goal is to design and 
implement a system architecture which is robust in that it 
provides redundancy of both equipment and capabilities; 
offers rapid selection of a variety of alternate means; and 
is comprised of upwardly and downwardly compatible equip- 
ment. The envisioned solution in the Marine Corps is the 
architecture of the landing force integrated communications 
System (LFICS). 


B. INTRODUCTION TO LFICS 


The landing force integrated communications 
System (LFICS) presented in [Ref. 2: Chapter 5] is the 
defined architecture for the Marine Corps tactical communi- 
cations network. It consists of ail personnel, equipment, 
interface and data formats required for operation of a 
landing force communications system. LFICS is not a single 
System but encompasses ali resources which enable FMF 


commanders to exercise command and control over assigned 
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tactical forces in accomplishment of their mission. It 
includes a variety of circuit paths such as: single-channel 
point-to-point and netted radio, tactical digital informa- 
tion links (TADIL's), and switched/non-switched multichannel 
communications. LFICS provides the internal and external 
circuits required by the commander at each echelon. The 
achievable configurations are limited only by the needs of 


the commander and the available resources. 


The ultimate goal is to configure the LFICS as a common- 
user network, which is conceptually equivalent to a typical 
nodal circuit switched network found in any of several 
sources in the commercial literature, such as in Stallings 
[Ref. 5: Chapters 1 and 8]. Reduced to its simplest form, a 
nodal circuit Switched network can be explained as follows: 
two or more separate nodes which Communicate (internodally) 
with each other over demand established circuits and inter- 
nally (intranodally) provide services to a variety of local 
users. A demand circuit between users is established, 
remains active for the duration of the transfer (voice or 
data), and is then disconnected, freeing common resources 


for other network users. 
1. Anaiog t 


The transition of the LFICS from an analog to an all 
digital environment is underway. The projections ০: 
(Ref. 2] identify the near term period (1987-1990) as a 
hybrid analog and digital environment, and the long tern 
period (1991+) as the target for complete transition toa 


digital environment. 


In the near term period several new digital devices 
will be fielded. Since there will also be residual analog 
devices in service, the LFICS architecture and equipment 


Must retain limited analog interface capabilities. In the 
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long tern, as the analog devices are totally replaced by 
digital devices, the analog interface capabilities will be 
eliminated from the transitional systems by removal of 
special pupose analog modules or the fielding of newer, all 


digital replacements. 
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2. Focus on 


In the LFICS, a node is constructed at each major 
command and control center. As  enumerated in (Ref. 2: 
Chapter 5] and shown generically as Figure D.3 m 
Appendix D. These nodes range in size from infantry 
battalion, artillery battery units, up through FSSG, MAW, 
MARDIV and MAF levels. When a LFICS node is viewed sepa- 
rately from its network, it exhibits certain characteristics 
which remain fairly constant regardless of the command 


level. 


A node provides internal (intranodal) and 
external (internodal) communications Services to its local 
users. The intranodal user-to-user connections are provided 
by manual, semiautomatic, and fully automatic Switching of 
circuit paths. The internodal services are provided by a 
variety of single channel and multichannel radios, satellite 
terminals, and metallic or fiber cable systems, as appro- 
priate. A LFICS node connects to one or more external nodes 
via these various transmission media. The resulting array 


of individually tailored nodes forms the LFICS network. 


As previously mentioned, the resources of the LFICS 
are employed in many ways to support the communications 
needs of the force commander. For illustrative purposes, 
the MAF structure can be used to provide insight into the 


functioning of the network. The LFICS network of Figure 2.1 
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shows the internodal connectivity and hierarchial structure 
of a typical MAF employment. 
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Figure 2.1 A Typical MAF Network. 


Notice that there is an explicit extension beyond 
these Marine Corps organizations to the US Navy for entry in 
the Defense Communications System (DCS), Navy Tactical Data 
System (NTDS); and to other services and senior (Joint 


Command) nodes. 
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C.  LFICS NETWORK FUBMCTIONING 


The example of Figure 2.1 illustrates the primary factors 
contributing to the survivability of the LFICS: redundancy 
of internodal connectivity, and alternate means of connec- 
tivity. The example MAF LFICS network exhibits what is 
known as fully connected or mesh topology for the major 
command and control nodes of interest in this study (those 
highlighted in Figure 2.1). It can be seen that surviv- 
ability is enhanced by the topology and the loss of one or 
more nodes has little effect on the connectivity and func- 
tioning of the remaining portions of the network. All 
communications services provided by the underlying  LFICS 
architecture are transparent. That is, the underlying 
network methodology and technology is of no concern toa 
user as long as there exists the capability to transfer data 
from cne location to another. This 1s the essence of any 
effective communications system as data forms the basis of 
information! which is needed by each user to perform their 
respective tasks in the overall command and control environ- 
nent. These information needs are often not well defined 
beyond interconnection at the network nodal level. This is 
of little consequence in a coumon-user switched network such 
as envisioned in LFICS as circuit paths are provided on a 
demand basis. The signals containing the data must be 
routed from an originating user data terminal eguip- 
ment (DTE), via data coumunication equipment (DCE), to one 
or more receiving user DTE's. As sShown from a nodal view- 
point in the flow chart of Figure 2.2, the path a signal 
follows from its origin to its destination within the 
network can be a choice among many alternatives. Any user 


terminal equipment which originates and/or receives data (or 


A ÁS A a AA > 


1A point driven home by COMO Grace Hopper, USN, during 
oe UI at the Naval Postgraduate School on 
uly ; : 
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voice) is classified as data terminal equipment (DTE); like- 
Wise, any media and associated equipment item which func- 
tions as part of the circuit path between two (or more) 
users 1S classified as data communication equipment (DCE). 
The circuit path may be intranodal user-to-user, or may 
extend internodally to, or through, one or more distant 
nodes, to an ultimate destination. 
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Figure 2.2 Signal Bouting Within a Typical Node. 
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Signal routing decisions within the LFICS are made by: 
manual, Semi-automatic or automatic circuit and message 
Switching equipment; or by direct media connectivity. There 
is inherent in the DCE, the necessary conversion 
process (Signal levels, rate, Coding, +...) which provides 


compatible signals at the switching equipment, and at the 


DTE. This conversion may occur at the switch interface or 
in a sequence of DCE. Ultimately, all Signals entering a 
node are processed, delivered to a local DTE, or retran- 


smitted through the internodal media to a more distant node. 


It can readily be seen that aS a Signal path transitions 


from external DCE to internal DCE, or local DTE to local 
DTE, there exists a need for connectivity between the 
variety of transmission media and the local DCE/DTE. This 


connectivity is provided by a main distribution frame (MDF). 


D. MAIN DISTRIBUTION FRAME 


The main distribution frame (MDF) has as its primary 
function, the physical, metallic and/or electronic intercon- 
nection of all internodal transmission equipment, nodal 
Circuit and message switching equipment, and local user 
terminals. The MDF exists, in some degree, at ali nodal 
levels wherein user or switching (DTE/DCE) requirements 
dictate. The MDF provides a centralized circuit appearance 
for every item of DTE and DCE within the node and is an 
ideal location for exercise of LFICS communications control 
functions. 
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III. COMMUNICATIONS SYSTEM CONTROL 


A. GENERAL 


Communications control is a concept for overall control 
of available ccmmunications resources to provide the neces- 
sary responsiveness to the telecommunications needs of the 
force commanders. The employment of communications control 
concepts are appropriate at all levels, or nodes, of the 
landing force integrated communication system  (LFICS) and 
are employed by an organic Communications oOfficer/Chieé or 
more elaborate organization as discussed below. This study 
addresses primarily those nodes at MAF, MARDIV, MAW, and 
FSSG command posts as mentioned in the introduction. Each 
of these command and control or support organizations 
constitutes a nodal element in the overall LFICS architec- 
ture described (Ref. 2: Chapter 5]. 


More specifically, communications control (COMMCON) is a 
management organization whose tasks include the typical 
organizing, planning, directing, controlling, coordinating, 
and evaluating functions applied to communications personnel 
and equipment resources employed to accomplish the assigred 
missions and tasks. While the majority of COMMCON activity 
is intranodal, its responsibilities extend beyond the host 
node to senior, subordinate and adjacent nodes within the 
network. This internodal cooperation is essential to insure 
the proper Management of joint responsibilities within the 
LFICS structure and the resulting network speed, reliability 
and flexibility. The overall organization of COMMCON 
consists of several elements and subordinate functional 
organizations. Ihe identification of these elements and 


their missions is highly summarized in the following. For a 
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more complete description, and a comparison with the joint 
service (TRI-TAC) equivalent terminology and functions, 


please refer to Appendix A. 


1. System Control (SYSCON) 


System control is a method for managing the communi- 
cation resources for the effective and economical utiliza- 
tion of equipment and personnel resources and includes 
planning, engineering, determination and evaluation of 
requirements and restoration policies, centralized direction 
and control. SYSCON is subdivided into two main functional 
areas: system planning and engineering (SPE) and opera- 


tional system control (OSC). 


The SPE plans for the implementation of the communi- 


cations system, 


3. erational System Control 


[S 


The function of the OSC is to ensure that all avail- 
able circuits are used to the best advantage in the dynamic 
force communication system. The OSC has an operational 


sub-element, the operational system control center (OSCC). 
4. Operational System Cont 


Tne OSCC operationally manages, within prescribed 
limits, the communications resources through direct control 
of all personnel and equipment resources. The OSCC employs 
the technical control facility as the means of implementa- 
tion of communications system plans and directives issued by 
thes ose 
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5. Technical Control (TECHCON) 





The TECHCON or TECHCON facility (TECHCONFAC or TCF) 
is the focal point and means of exercising centralized tech- 
nical supervision and control over the installation,  opera- 
tion and maintenance of selected circuits. It provides for 
a common interface point (MDF) between nodal DTE users, DCE, 
and the various internodal transmission media; and provides 
a facility for performance of the required technical control 
procedures and tasks which implement the functions discussed 


in the following chapter. 


The focus of the remainder of this study is on the 
needs and functions of technical control in the near 
term (1987-1990) hybrid analog and digital; and the long 
term (1991+) all digital LFICS environments. A detailed 
presentation of the existing TECHCON functional requirements 
from both the USMC and joint service viewpoints is found in 
Appendix A. 
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A. GENERAL 


The main distribution frame (MDF) has been defined and 
identified as the ideal location for performing network 
management and control functions. The control of a large 
network, such as a LFICS MAF employment, involves many mana- 
gerial and technical aspects. Since the focus of this study 
is upon technical control, the following sections present 
general and specific discussion which address the question: 
What are the functions, procedures, tasks, and general char- 
acteristics of technical control in an analog and digital 


envircnment? 


It is curious to note that industry is now seriously 
facing the same large-scale digital network management situ- 
ation as we are in the military. That is, to decide what 
technical control functions are required, where it is 
located within the network, and how technical control accon- 
plishes it functions. There is a wealth of discussion in 
both the commercial and military literature on this 


subject.? 
1. General Technical Control Functions 


There is nearly universal agreement between industry 
and the military on the basic technical control functions. 
While exact viewpoints differ semantically, such as: Lowry, 
Lester and Ogle (Refs. 6,7,8] and the military [Ref. 9: 
p- 2-1], their diversities can be aggregated and highly 


summarized as shown in Table 1 below. 
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¿The reader is referred to the sectioned bibliograpy for 
a detailed list of categorized references. 
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TABLE 1 
GENERAL TECHNICAL CONTROL PUNCTIONS 


Connectivity 
Monitoring 
Isolation 

Restoral 


Reporting 
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These functions are not very specific nor all inclu- 
sive but do form the basis for further discussion. 
Technical control functions should not be confused with the 
procedures and tasks which are required to implement then. 
While functions may be highly Summarized and general, the 
resulting procedures and tasks are detailed. These proce- 
dures can be implemented in a variety of locations 
throughout the network and using a variety of techniques. 
The industrial-military community consensus is that nodal 
switching centers provide the appropriate sites for both 
circuit access and centralized control. As will be seen 
later, the term "centralized control" does not imply a 
singular facility without remote or redundant capabilities; 
but rather a focal point for the management and control of 
all technical activities. Circuit access isa critical 
factor and is the primary reason for selection of the MDF as 
this focal point. [Ref. 10] 


Ihe "how" of technical control is a much more 
detailed issue to resolve. There exist numerable misconcep- 
tions as to the differences between analog and digital tech- 


alcal control. The two are not mutually exclusive. All 
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technical control functions which apply to analog systems 
apply equally to digital systems. It is the specific proce- 
dures and tests which differ between the two. As discussed 
by Leggett [Ref. 11], the foundations of the transmission of 
digital data are in the analog characteristics of the 
circuit media. The ignoring of these analog properties and 
potential impairments is equivalent to an assumption of 
analog perfection. This assumption is not acceptable. 
Except in the case of baseband transmission of digital data, 
all circuits must meet the minimum anaiog transmission media 
standards before the additional circuit requirements (if 
any) of high-speed digital data can be imposed. The tech- 
nical control facility, AN/TSQ-84, is adequate in the 
strictly analog sense as presently required. It would 
require interface modifications to match its 26-pair cable 
connectors to coaxial or fiber optic cable systems if oper- 
ated with the newer digital equipment. The additional 


testing required for the quantification of digital circuit 


properties and impairments is beyond our current 
capabilities. 
These technical control functions, procedures and 


tasks are implemented through the application of appropriate 
test, measurement and diagnostic equipment (TMDE). The 
selection .of this equipment is beyond the scope of this 
study. It suffices to point out that there is a broad spec- 
trum of analog and digital TMDE available off-the-shelf fron 
both standard military and commercial inventories. This 
variety of choice is based onthe invariance of circuit 
physical properties and impairments across communications 
systems in both military and commercial applications. 
Analog and digital circuit properties and impairments are 
too detailed for the purposes of this study and will not be 


discussed. They were, however, examined as a by-product of 
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the basic research and are summarized for the interested 
reader in Appendix B. Also presented in Appendix B is a 
summary of the  LFICS signal characteristics in terms of 
connectivity, bandwidth, data rate, etc. Once the desired 
technical control facility is specifically defined, ina 
more detailed study, the selection from among the variety of 
TMDE will be based upon the equipment needs for the imple- 
mentation of Specific procedures and tasks relative to the 


circuit characteristics summarized in Appendix B. 


2. Interoperability Considerations 
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Irt is a requirement stated in [Ref. 2: 
pp. 1-4 & 1-5] that all LFICS equipment be interoperable 
with other service and allied forces. The US Air Force is 


procuring the AN/TSQ-111 (Ref. 12] and the US Army intends 
to implement the AN/TTC-39A for service in the subject time 
periods. The Marine Corps, therefore, must consider the 
impact of our selection of technical control facility when 
required to operate in a joint environment. TRI-TAC is the 
joint service agency which is the proponent of this inter- 
operability for US forces as well as NATO allied forces. If 
we deviate from the TRI-TAC standards, we place ourselves in 
a situation of relative isolation as far aS joint circuit 
management and technical control. In the point-to-point 
mode of circuit diagnosis, each end of the path must have 
compatible suites of TMDE or we severely limit our capa- 


bility to isolate and restore ina timely fashion. 


3. Automation of Technical Control? 
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We often take the viewpoint that the most affordable 
approach to systems acquisition is to design and obtain only 
what we need to achieve the mission, often resulting in the 
implementation of manual procedures. This 1s a bottom-up 


approach to achievement or the threshold 
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"mission capability" and often falls short in growth poten- 
tial and in operations under degraded conditions. Tt 
assumes that we have completely defined all potential user 
information needs and requirements for the life of the 
emerging system. As mentioned by Pipho [Ref. 13] there is 
no Marine Corps enumeration of these user data needs. On 
the other hand, a viewpoint which takes a top-down approach 
will often settle at the same point of mission capability. 
But this approach provides a better feeling that redundancy, 
"excess capability", and growth potential needs have at 
least been examined systematically. Redundancy and excess 
Capability provide some assurance that in a degraded mode of 
operation, we remain capable of achieving the mission. À 
Classic case of excess capability is in the area of automa- 


tion. Is automation necessary and how much is enough? 


There is a definite direction indicated in both the 
military and industrial literature. That direction is 
toward fully automated technical control facilities. in 
Pigeon [Ref. 14], the thrust is described as an attempt to 
leave the era of the "fire fighting" or "If 36255 
broken, don't fix it" approach to technical control and 
progress to the predictive technical management realn 
through the use of automation. Military service efforts are 
also heading in this direction with the US Air Force devel- 
opnent of the AN/TSQ-111, the US Army development of the 
AN/TIC-39A with technical control capabilities and our own 
planned enhancements to the AN/TTC-42 to provide automatic 


go/no-go monitoring of circuits.? 


3The US Army also experimented with an automated upgrade 
of the a - facility called the AN/TSQ-84A then decided 
not tc pursue the project any further. A brief description 
of each of these equipments Can be found in Appendix C. 
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It the past few years, the user community has 
demanded equipment that eases the maintenance burden by some 
degree of self-diagnosis. This built-in-test (BIT) and 
built-in-test-equipment (BITE) capability is easily 
implemented using rapidly advancing technology and miniatur- 
izaticn of components. The larger, more sophisticated 
equipments, are now microcomputer controlled and have the 
capability to assess their performance and report, via 
telemetry through off-band channels, to a central facility. 
These capabilities and the resulting status data are wasted 
if we lack a facility with the capability to receive, 
analyze, alarn, and react to the information which they 


provide. 


AS pointed out earlier, the other services are 
approaching the solution to digital technical control by the 
implementation of an automated facilty, the AN/TSQ-111 or 
AN/TTC-39A in the USAF and USA respectively. The industry 
trend is also toward an automated approach indicating that 
the technology will be forthcoming and the expertise will 
reside both in the government and in the private sector. In 
his thesis,  Herrick [Ref. 15: Introduction] points out the 
shortcomings of a manual technical control facility from the 
viewpoint of negative effects on quality and timeliness; and 
the impact of limited personnel capabilities. The demands 
of an all-digital, high-speed data network can exceed the 
capabilities of the human operator to manually monitor and 


respond.*^ 


% As 2 [Ref. 16: pp. 48- MS ISS cs: the prob- 
o of error oi the human operator begins slightly 
above the eel level at a low rate of task 7) C rare 
ER then decreases as eee increases বন der 
Stabilizes about an optimum range; en increases asympto 
Eni pones 1. 0j as loading exceeds the EC EE of 
the operator. The argument then is that a computer would 
not suffer this loading phenomena of errors ut remain 
consistent and stable across the spectrum of activity. 
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Arguments against automation often do not consider 
the situation from the viewpoint that the needs of the users 
are what determines the design and implementation of 
subsequent components. Correctly or not, we have already 
drawn heavily on automation as a solution to the maximiza- 
tion of our command and control capabilities. There are 
fielded and in development, several systems which utilize 
imbedded processors and require reliable high-speed data 
transfer to properly perform their command and control 
missions. These systems are and will become "users" of the 
landing force communications network.» The technical control 
facility, with its imbedded MDF, is at the heart of this 
system and its functional requirements are driven by the 
needs of these high-speed data users. Once we have íieiüed 
systems which demand the requisite circuit reliability, 
security, speed and flexibility inherent in their designs, 
we are unable to back down from the commitment to provide 
this necessary support. To focus only on manual technical 
control is to predetermine the capacity for a "reactive" 


only technical management mode and does a disservice to the 


network subscribers who expect dependable data 
communications. 

On the other hand, too much automation can mean 
disaster in a severely degraded mode of operation. 


Equipment trat is too sophisticated could become more of a 
burden to operate and maintain than the system it is 
designed to support. We must always maintain the capability 
to revert to manual operation in a degraded mode or in cata- 


strophic failure situations (e.g.: loss of power, battle 


SThese include systems such as: the Marine Integrated 


Fire and Air Support System 5782 Tactical ombat 
2 ০ (LEO). Tactical Air Operations Center (TAOC), 
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damage, ...). It is essential to include, by specification, 
manual and physical back-up capabilities when we select or 


design support systems such as a technical control facility. 


The technical control facility described in the 
following is assumed to be automated. It will contain 
provisions for a "failsoft" mode$ with the explicit capa- 
bility to manually, or semi-automatically operate all of the 
various elements in the TMDE suite inherent in the concep- 
tual design; but the desired primary mode of operation will 


be automatic. 


4. Levels of Capability 





In a military application, we often discuss required 
versus desireable capabilities. These required capabilities 
are essential for completion of a successful mission. Other 
capabilities, which are desireable, are not required for a 
successful mission, but do contribute significantly to our 
ability to effectively manage and control the communication 
system. The loss of a desireable capability degrades the 
operation but does not cause mission failure. Let us now 
define four levels of capabilities: the first will represent 
all mission essential capabilities, the others, various 
degrees of enhancement beyond the mission critical needs. 
Descriptively, these desireable levels will be: mininun, 
nominal, and maximum; representing increasing capabilities 
beyond mission essential. Ihe remaining discussion will be 
annotated with these levels «0», «1», <2>, and <3> respec- 


tively as follows:? 


. 6A capacity for graceful degradation from full opera- 
tional capability to a more primitive mode. In essence, it 
will not, crash catastrophically but degrade in controlied, 
logical increments. 


‘For example: a LEE patch panel (such as the 
2502027) would be at «0^» in both A/D systems; the existing 
AN/TSC-84 would fall at <2> in an analog system and <i> in a 
digital system; while the developing AN/TSQ-111 would be 
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Level «0» - mission essential. Lack of a mission essential 
capability causes mission failure of the primary equip- 


ment (e.g.: technical control facility). 


Level «1^ - nminimum. The minimum additional  capabiiity 
required to perform all of the procedures and tasks to 
implement functions stated at a minimum degraded level 


of operation. 


Level 42» - nominal. The nominal or average capability 
desired to perform all of the stated procedures and 
tasks to implement functions in a manual, semi- 


automatic mode. 


Level <3> = maximum. The capabilities required to perform 
all of the stated procedures and tasks to implement 
functions in a fully automatic mode, with manual opera- 


tion as necessary. 


B.e. TECHNICAL CONTROL ASSUMPTIONS 


Prior to a discussion of the more specific functional 
and procedural requirements of technical control in the 
LFICS switched network, there are certain underlying assump- 
tions which must be stated. These are made with the intent 
of avoiding later misunderstanding and to remove the burden 


of needless detail and inter-relationships in the following. 


The technical control facility (TCF) of interest will be 
employed at MAF, MARDIV, MAW and FSSG (and MAB) level nodal 
LFICS elements. For this reason, and to meet the USMC stan- 
dardization requirements, the TCF will have certain inherent 
minimum characteristics which are stated here as required 


without extensive justification: 


at-<3> "in born. 
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Main Distribution Frame (MDF) - the primary MDF will 
be located within the TCF and will provide the 
connectivity between the internodal circuits and DCE; 
and the intranodal circuits, DCE and DTE. This does 
not preclude the operational employment of an alter- 


nate MDF for contingencies. 


Shelterized - the TCF will be contained in a standard 
nilitary shelter, such as one of the S-280/G variety. 
Since the resulting TCF is a direct replacement for 
the existing AN/TSQ-84, there iS no impact upon 


transportability. 


Power - the TCF will have a requirement for power in 
all but its most seriously degraded operational 
mission essential mode. This requirement is esti- 


mated to be approximately 30 KW based upon similar 


facilities. 

Requisite DCE/DTE - the TCF will be equipped with a 
requisite suite of DTE (telephones, TTY 
terminal, ...) and DCE (modem, nultiplexor, data 


Luffer, encryption device, ...) which are compatible 
with the fielded nodal circuit switcning and terminal 
equipments and in sufficient variety as appropriate 
to the accomplishment of the required functions. 
This is particularly necessary at levels <2> and <3> 
for establishment of an equal level interface between 
signals. At other levels, the TCF can, in a degraded 
or mission essential mode, be effectively null and 
pass all circuits through without signal conversion 


action or any effect other than physical or metallic 


connectivity. 
Environmental - the TCF will be equiped with environ- 
mental control units  (ECU/air  conditioners) and 
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required collective protection equipment (CPE) to 
enhance the survivability of both its human operators 
and any resultant suite of test, measurement and 
diagnostic equipment (TMDE); conditioning equipment; 
and computing equipment. These ECU and CPE will 
function in all but its most seriously degraded oper- 


ational mission modes. 


Personnel - the existing T/O provides adequate 
personnel for operation of the existing TCF. It is 
anticipated that this will remain true for the newer 
TCE; However, the personnel quantity and skill 
levels is not a function solely of the resulting TCF 
system design but on the overall complexity oof the 
nodal and network systen. Personnel and training 


issues wiil not be discussed in this study. 


Quantity - there will be one TCF in each of the major 
nodes mentioned. This dictates that a total of 12 


units will be modified or procured for operational 


LFICS use and additional units (as required) for 
training of operating personnel and maintenance 
technicians. 


C. TECHNICAL CONTROL FUNCTIONS AND PROCEDURES 


le 


xpanded Description of Functions 


The following are more specific discussions of the 


required functions of technical control (procedures are 


discussed later). Included in each function description is 


the implied coordination with senior, adjacent and subordi- 


nate technical control facilities. 


a) 


Connectivity - the technical control facility will 


include the main distribution frame (MDF) function. 
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b) 


০) 


d) 


This MDF will provide connectivity of all circuits 
including: metallic (2-W, 4-W, 26-pair, coaxial 
cable), fiber optic, or radio circuit media which 
carry analog or digital signals between all intranodal 
equipment (DTE and DCE) and internodal transmission 


media (DCE). The connectivity will remain in the 
absence of power (i.e.: a physical, or metallic 
connection). Ihe logical network connectivity, or 


routing algorithm is implemented in the switching 


equipment. 


Monitoring - the technical control facility wiil 
include the capability to passively monitor (without 
circuit interruption or degrading effect) all circuits 
which pass through the MDF to detect impairments and 
degradation of transmission media and equipment. This 
enables the implementation of a predictive mode of 
technical control [Bef. 17: pp. 344-345]. This moni- 
toring is solely to detect deradation or outage as 
reflected in the electrical properties and impairmerts 
of each circuit. It is not performance monitoring in 
the sense of collection of system statistical data 
such as: holding times, traffic flows, primary ana 
alternate routings, etc. These latter forms of moni- 
toring are best accomplished by the switching 


equipment. 


Isolation - the technical control facility must have 
the capability to emply appropriate troubleshooting 
procedures to logically isolate to a portion or 
portions of the circuit path and/or equipment as being 


the cause of circuit degradation or failure. 


Restoral - the technical control facility will have 


the capability to restore circuits to service once it 
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is determined that there is an outage or sufficient 
degradation as to prevent effective usage of that 
circuit. This can include electronic corrective meas- 
ures applied to the circuit media (line conditioning) 
as well as the insertion of spare or standby media and 


equipment as replacements. 


e) Reporting - the technical control facility will main- 
tain records, circuit logs, circuit status, etc., as 
required by the Defense Communications Agency (DCA) 
and locally approved regulations. The TCF will report 
as required to the controlling operational system 


control center (OSCC). 


2. General Procedures for Implementation of Functions 





The following describes in broad terms how a tech- 
nical control facility would implement for provision of the 
desired functions at the various levels «0» to <3> of 


mission capability: 


Level <0>: mission essential operation only. Connectivity 
is accomplished by the physical connections of the MDF. 
Monitoring is limited to the application of hand-held, 
Lattery powered, test equipment (such as a multi-meter, 
signal/noise meter, field telephone, ...). There is 
not a significant capability for quantification of test 
results. Isolation is a manual process of monitoring 
circuits in point-to-point or loop-back8 mode using the 
same test equipment mentioned earlier with coordinated 
and controlled troubleshooting techniques. The circuit 
performance is verified in segments of ever increasing 


distance from the MDF until a point is reached where 


.9?Foint-to-point testing is the না of simia 
eguxpment at each end of a circuit; oop-back requires the 
2 end of the circuit to patch transmit to receive and 
ice-versa. 
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the degradation or failure is introduced and therefore 
evident. The circuit media or equipment fault is then 
isolated. Bestoral is accomplished by the replacement 
of a faulty media or equipment component by patching of 
spare or standby equipment; or actual removal and 
replacement of the entire failed component by a trouble 
team. Reporting is done by telephone or messenger and 


records are maintained by manual means. 


Level «1»: minimum enhancement above mission essential oper- 
ation. Same as level «0» except the monitoring capa- 
bilities are enhanced by the addition of in-line 
parallel extensions to the MDF and by the application 
cf an MDF/TCF mounted suite of analog 
IMDE (oscilloscope, spectrum analyzer, ...) Which is 
employed using manual or semi-automatic procedures on 
selected circuits. There is a significant capability 
to quantify analog and some digital test results. 
Restoral capabilities are enhanced by analog circuit 
line conditioning equipment (line amplifiers, attenua- 
tors, delay envelope equalizers, ...) Which allow the 
correction of certain quantiried analog circuit proper- 
ties to within acceptable standards. Reporting remains 
the same. Reliable power is required for the implemen- 


tation of level <1> activities. 


Level <2>: nominal enhancement above mission essential oper- 
ation. Connectivity remains the same. Monitoring is 
accomplished by the application of a more sophisticated 
Suite of TMDE which includes both analog and digital 
test instruments (e.g.: oscilloscope, Spectrum 
analyzer, bit-error-rate (BER) tester, ...) to selected 
circuits using manual or Semi-automatic techniques. 
Cuantified analog and digital resuits can be used in 


restoral efforts. Isolation procedures remain 
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essentially the same. Restoral capabilities are 
enhanced by the addition of digital circuit  condi- 
tioning equipment (amplifiers, attenuators, delay enve- 
lope equalizers, ===) which allow the correction of 
certain quantified circuit properties to within accep- 


table standards. Reporting remains the same. 


Level <3>: maximum enhancement above mission essential oper- 
ation. An on-line computer is added with a bus 
compatible suite of computer controlled TMDE, and an 
electronic crosspoint matrix. Connectivity is provided 
by the electronic, computer controlled, crosspoint 
matrix with physical patching as a backup. Monitoring 
is accomplished by a suite of computer controlled, 
multi-purpose, analog and digital TMDE (such as: spec- 
trum analyzer, BER tester, ...) which will provide 
alarms to the operator when an analog or digital 
circuit is degraded beyond tolerances or a failure 
occurs. Isolation is essentially the same as earlier 
but the point-to-point examination of a circuit may be 
performed by two TCF computers with the results and 
recommendations presented to the TCP operator for 
action. Restoral can be accomplished automatically by 
the controlling computer (within certain preset guide- 
lines),  semi-automatically by specific operator action 
at a keyboard, or manual patching actions. Reporting 
and status data collection involves data flow into and 
cut of the TCF via telemetry channels from the various 
LCE/DTE, processing at the TCF and subsequent reporting 
to the controlling OSCC/OSC. 


44 


D. SUMMARY OF DESIRED TECHNICAL CONTROL IMPLEMENTATION 


1. echnical Control Functional Implementation 








Together with the above assumptions regarding the 
MDF, shelterization, power, requisite equipment, and envi- 
ronmental equipment, and given the various levels of capa- 
bility enumerated above, the following is a level annotated 
top-down summary of the desired and required technical 
control functions and possible means of implementation: 


Connectivity: 


<3> The MDF is a computer controlled, equal 
level,® crosspoint matrix which connects 
nodal DTE/DCE to the internodal transmission 
DIM. Additional resources are included as 


on-line standbys for restoral procedures. 


X0» À physical or metallic MDF patch capability 
for both analog and digital signals provides 


back-up in the event of loss of power. 
Monitoring: 


«3» A computer controlled suite of analog/digital 
IMDE is applied to the nodal circuits using 
either continuous or statistical selection 


methodologies.!0 


.9Analog and digital signals are made compatible prior to 
their appearance at the "equal level" patch matrix. Note 
that signals are not converted to equal levels if. they 
require no technical control action other than connection to 
a Suitable media. Equal level implies all necessary conver- 
sion: A/D conversion, multiplexing, encryption, data rate, 
buffering, etc. 


10Continuous - all circuits are scanned periodically; 
SseactStical - se lected circuits are scanned nore 
frequently (higher LEE and/or some circuits are 


managed on a fix-when-failed basis (low priority). 
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«2» This same TMDE can be operate manually or 
semi-automatically for critical assessment of 


an identified circuit degradation or failure. 


X0» Battery powered test equipment is utilized to 


nonitor performance on selected circuits. 


Isolation: 


«3» The resident computer continuously monitors 
telemetry data from the various DTE/DCE for 
unusual conditions, interacts with  otner 
technical contrcl computers, analyzes the 
results, and makes recommendations as to the 
location of a faulty component of either 


media or equipment. 


<2> Location of a faulty or degraded component of 
either media or equipment is accomplished by 
application of the suite of TMDE using 
manual, or semi-automatic procedures in 


point-to-point or loop-back modes. 


<0> Identification of the failed or degrade equip- 
ment or media component is accomplished by 
the application of battery powered test 


equipment. 
Restoral: 


«3» The resident computer makes crosspoint changes 
automatically (within preset guidelines), 
upon operator approval, or by operatcr initi- 
ated action at a keyboard (assumes a pool of 


Spare resources 1S available). 


«0» The operator makes physical patching charges 
on the MDF. 
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Reporting: 


«3» The nodal DTE/DCE report to the TCF computer 
via telemetry. This information is summa- 
rized in an on-line TCF data base which is a 
record of all operator actions, alarms, 
restoral efforts, etc. It is also an on-line 
station and circuit log used later to 
construct reports, summaries, etc. The TCF 
reports to its controlling  OSCC/OSC via 


computer link. 


«2» The TCF reports to its controlling  OSCC/OSC 


manually by telephone or written means. 


2. Technical Control Block Diagram 





Now that the assumptions, functions and procedures 
of technical control have been outlined in general and more 
specific terms, a technical control facility block diagram 
can be constructed. Figure D.2 ir Appendix D will represent 
the desired ideal technical control facility during further 
discussion. The basic diagram is borrowed from {Ref.j 18: 
p. 14-3], Simplified, and improved with the additional 
resources and capabilities discussed earlier (central 


processor, computer controlied TMDE, ...). 
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V. ALTERNATIVE SOLUTIONS TO DIGITAL TECHNICAL CONTROL 


As a result of this and any subsequent study, there are 
two decisions required. We must select the preferred means 
for implementation of the required technical control func- 
tions and procedures for both the near and long tern. The 
long term decision is dependent upon the near term decision, 
that is, it is a compound decision. Once the solution for 
the near term is selected, the long term solution uses that 
choice of equipment as a minimum baseline for future use. 
This compoundedness will be discussed and resolved in the 
following chapter. The criteria for each situation are 
different due to both the relative time periods and the 
mixtures of fielded equipment. These differences will be 


mentioned, as appropriate, in the following discussion. 


A. UNDERLYING LFICS ASSUMPTIONS 


There have been actions taken to include limited tech- 
nical control capabilities in the AN/TTC-42 (Enhanced). The 
Conmand and Control Master Plan [Bef. 2: p. 1-29] points out 
that: 

Ue AN/TTC-42 (Enhanced) O both the AN/TTC-38 

control center ana vill perform both circuit eviten aan 

technical control functions." 
In a subsequent remark [Ref. 2: p. 1-31], it is also 
mentioned that the SB-3865/TT will have limited technical 
control capabilities. This could be interpreted either as a 
desire to make the circuit switch into a fully capable, 
combined switching/multiplexing/technical control facility 
as discussed by Waxman [Ref. 19] or as a means of providing 


a redundancy of limited technical control capability in the 
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nodal switching center. In the former case, our requirement 
for an additional technical control facility is limited to 
services provided to selected circuits which do not pass 
through the circuit switch (if any) and can consist of a 
minimal facility. In the latter, our requirement is for a 
complete analog and digital technical control facility which 


is separate from the switching equipment. 


During the movement and assault phases, the unit level 
circuit switches (ULCS) operate in support of landing force 
troop spaces and activities independent of a technical 
control facility. Their inherent limited technical control 
capabilities can be used to advantage in this environment. 
Once ashore, in a more stable and demanding environment (due 
to the density and variety of users), the technical control 


capabilities of the circuit switches become inadequate. 


The LFiCS configurations are dynamic, changing rapidly 
as dictated by mission and tactical requirements. We must 
provide for the contingency of loss of a major circuit 


switch and the resulting need for rapid reconfiguration, and 


capabilities such as: analog to digital conversion, multi- 
plexing, encryption, data buffering, etc. In this circum- 
stance, the need for a separate, centralized technical 


control and main distribution frame becomes more apparent. 
Additionally, since the concentration of all technical 
control capability in one location is unwise in a hostile 
tactical situation, we may conclude from this that we 
require both the circuit switch capabilities and a separate, 
fuliy capable and redundant technical control facility. The 
redundancy can be employed in a primary role as the focus of 
technical control management or ina secondary role, asa 
critical back-up capability in support of the more primitive 
remote circuit switch or terminal equipment capabilities. 


The switch and terminal equipments can be employed as patch 
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and test facilities (PTFs) with centralized control at the 
main technical control facility in agreement with the joint 
service approach to COMMCON discussed in Appendix A. 


Finally, there is an assumption of normality in the 
design and implementation of any system. That is, we assume 
that the majority of its operation will be under normal or 
hear normal conditions. We do, however, have to plan for 
the worst possible situation in the military environment. 
It is easy to visualize operation in a most severely 
degraded mode where subscribers would be directly connected 
to a transmission media and required to perform their own 
circuit monitoring, isolation and restoral actions. This 


would occur in cases of severe battle damage or catastrophic 


failure of the technical control facility, MDF, circuit 
Switch or message switch. In short, we must plan for the 
worst yet hope for the best; and know our capabilities and 


implementation scheme at each extreme and inthe middle 
ground. As much as possible, we must plan for a graceful 
degradation when it becomes necessary to do so. The grace- 
fulness of this transition from normal to degraded modes 
depends on the location of the outage, and the capability of 
the technical control facility to respond with circuit 
rerouting, replacement of lost equipment with spares, and 
restoral of any necessary lost signal conditioning or 


processing capabilities. 


B.  CENTRALIZED/DE-CENTRALIZED CONTROL OF TECHNICAL CONTROL 


There is no doubt that centralized control and coordina- 
tion of technical control activities is desired as a primary 
goal. This approach is supported by both the militarv and 
commercial communities as it has the obvious advantage of 
providing a focal point for all technical management activi- 


ties. There is the possibility, due to battlefield 
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conditions, that a centralized facility is not feasible, we 
must then have the capability to temporarily revert to 


de-centralized technical management. 


In a degraded state, we must have provision for 
de-centralization of the management technical control. This 
capability will be present in the circuit Switch and in the 
various radio sets and terminals. It means Simply that the 
operators of these PTFs will be required to independently 
manage their pcrtion of the network until normal operating 
conditions can be restored. They will be provided the capa- 
bility to perform (in some limited degree) the functions of 
technical control as stated in a previous chapter. Since 
this is not the preferred method of management of technical 
control activities, every effort should be made to 
re-establish a centralized facility as soon as Possible 
after the outage or damage is corrected. It is best to plan 
for an alternate MDF/TCF to make this transition as quickly 
as possible thus regaining centralized technical control of 


the system. 


C. CONTROLLED EXECUTION OF TECHNICAL CONTROL ACTIVITIES 


Centralized control, as discussed above, is not meant to 
imply that technical control capabilities do not exist else- 
where in the nodal architecture. Aside fror the issue of 
how control of TCF activities is organized, tne actual func- 
tions themselves may be centralized or decentralized. Since 
certain LFICS DTE/DCE will have inherent technical control 
capabilities, it would be advantageous to distribute the TCF 
workload as much as possible to these patch and test facili- 
ties (PTF). While their capabilities are limited by compar- 
ison, they can be utilized to relieve the primary TCF from 
more tke mundane tasks, especially in a crisis situation. 


às discussed in Appendix A, these PTF's can also be referred 
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to as communication-electronics system elements (CESE's), 
whose activities are controlled by the primary TCF (or 
CNCE-T). This distributed but centrally controlled activity 
also provides for continuity of technical control activity 
if the primary TCF is lost due to outage or battle damage. 
On the other hand, if a PTF'S capabilities are lost, there 
must bea centralized capability in the TCF to provide 


redundancy and the desired continuity. 


We desire a perfect blend of minimum capability consis- 
tent with the achievement of the communications mission, and 
the capability to continue operation in the presence of 
major DCE (e.g.: circuit switch, radio terminal, ...) 
damage, the solution is a level of redundancy. This leads 
to the conclusion that what we require is a primary and 
Secondary capability at different sites. We have already 
seen that PTF's are somewhat capable, but they are not 
candidates for primary TCF functions. It is then apparent 
that we must establish a fully capable and redundant primary 
TCF with the PTF*s as secondaries, in full agreement with 
initial  TRI-TAC system concepts. The selection of this 
primary facility will be done in the subsequent discussion 
and decision processes. The several alternatives are 


discussed below. 


D. CENTRALIZED TCF ALTERNATIVES 


The following items of equipment are identiried as the 
primary range of choices to meet the needs of the Marine 
Corps for the centralized primary technical control 
facility. Their sequence of presentation implies no prefer- 
ence at this point. There is a summary of the more specific 
capabilities of each found in Appendix C and system level 
block diagrams in Appendix D. As will be seen in the next 


Chapter, there are differing criteria for selection in the 
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near term vice the long term. The alternative technical 


control facilities are: 


1. JUS Air Force Facility (AN/TSQ-111) 


The AN/TSQ-111 (Variant) 1s the US Air Force commu- 
nications nodal control element (CNCE). It was originally 
the jcint service (TRI-TAC) approach but the US Army and 
Marine Corps have deferred from active participation in its 
development and procurement. The TSQ-111 was designed and 
built to perform the functions of technical control in an 
automated mode with a manual capability as back-up. It has 
demonstrated its capabilities andis compatible with all 
TRI-TAC user, switching and terminal relay equipment. It 
has completed developmental and operational 
testing (DT/OT-III) successfully with deficiencies noted in: 
reliability, availability and maintainability (RAM), soft- 
ware, safety, human engineering and dynamic memory (Ref. 20: 
p. xii]. It is assumed that these deficiencies can and will 
be corrected thereby making the TSQ-111 a viable alternative 
choice for the long term. There is too little lead time and 
high acquisition risk (quantity, schedule) to consider it as 


a viable USMC alternative for the near term. 
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The US Army approach to the problem is the enhance- 
nent of their planned AN/TTC-39A circuit switch to provide 
technical control capabilities. These equipment capabili- 
ties were extracted from the AN/TSQ-111 and installed in the 
un -39A. The TYC-39A was designed with the capacity to 
support a US Army corps area in a single or multiple shelter 
configuration. It is a larger, compatible version of the 
TTC-42 already planned for USMC uSe. Due to its intended 
employment at corps level, the TTC-39A is not viewed as a 


viable Marine Corps alternative solution in either the near 
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term or long term but will be included as an alternative as 


a means of validating the decision processes. 


3. Planned USM ircuit Switching Facility (AN/TIC-42) 





The AN/TTC-42 circuit switch will have analog and 
digital capability, and limited technical control capabili- 
ties. There is a patch panel, automatic monitoring of trunk 
circuits is performed on a go/no-go basis, but there is no 
line conditioning capability. Its availability in the near 
term makes it a viable candidate if we are willing to accept 
its primitive and limited technical control capabilities. 
It could be employed alone, with a primitive MDF, with the 
existing AN/TSQ-84 or the several various AN/TSQ-84 modifi- 
cations dividing the total mission into the analog and 
digital tasks best suited to both. 


4. Analog and/or Digital MDF 


It woulda be possible to implement a level <0> capa- 
bility at an MDF for analog and/or digital circuits. The 
existing SB-4097/U is essentially an analog MDF. A hybrid 
analog/digital MDF could be constructed to interface with 
boti S2 PALE and coax directly or through separate 
converters. This could be achieved for the near term. Its 


applicability in the all digital long term is doubtful. 
5. Existing USMC Facility (AN/TSQ-84) 


The existing facility is acceptable for use with 
analog circuits but iS unacceptable for use with digital 
circuits beyond simple connectivity (26-pair compatible). 
Its  26-pair cable interface is not compatible with the 
circuit switch coaxial connections nor the coaxial media 
from a tactical data system, message terminal or multiplexed 
user group. To be acceptable at a minimum level of digital 


connectivity, the existing TSQ-84 would require interface 
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modifications. It has analog test and conditioning equip- 
ment but has no equivalent digital equipment. The TSQ-8!/ is 
a viable near term solution for analog circuits when 
employed with the TTC-42 providing limited digital technical 


contrcl services. 


6. Existing USMC Facility with Interface Modifications 


The existing facility with interface modifications 
to permit the entry of Signals from coaxial cable 
systems (and ultimately, fiber optics) would be a viable 
alternative inthe near term and perhaps the long term. 
These modifications could be external or internal to the 
Shelter. The resulting AN/TSQ-84(M1) would have the capa- 
bility to perform at Level <2> for analog circuits and 
Level <1> for digital circuits.!! With careful planning and 
management, the degrading effects of high data rates on the 
26-pair portion of the circuit path can be minimized or 
avoided. Employment of the TSQ-84(M1) together with the 
TTC-42 (Enhanced) provides a blend of reduced digital capa- 
bility but highly adequate analog capability for the near 


term. 


7. Modified USNC Facility with Added Digital Capability 


The modification of the AN/TSQ-84 beyond its inter- 
face would include the addition of selected items of digital 
test equipment. Let this next stage of modification be 
referred to as the AN/TSO-84 (M2). The combination of the 
existing analog equipment and new digital test equipment 


would provide adequate capability for the near tern. Tt 


_liThe oscilloscope can be employed as digital test 
Fier to display an "eye pattern" as discussed by Lowry. 
ef. 
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would also be advantageous to include more permanent sheiter 
interface modifications for both coaxial and fiber optic 


cable systems. 


8. Upgraded USMC Facility with AN/TSQ-84A Kit 


The US Army developed and experimented with a modi- 
fication kit for the TSQ-84. When installed, the result is 
the AN/TSQ-84A (Upgraded). The facility is essentially a 
computer assisted, semi-automatic and manual analog TCF. It 
underwent extensive field testing which demonstrated that 
the concept was good but there were several problem areas: 
operation at high and low temperature extremes, reliability, 
maintainability, safety, software, and technical publica- 
tions. The Army prepared 25 kits, fielded five, leaving 19 
currently at the Tobyhanna Army Depot. Assuming that their 
deficiencies are correctable, the application of these kits 
to our 12 existing AN/TSQ-84's would be a viable solution 
for the near term. The kits could also be applied to the 
AN/TSC-84(M1) and (M2) modified TCFs mentioned above. The 
applicability of the AN/TSQ-84A, -84A(M1) or -84A(M2) in the 
long term would depend on their performance during the near 


term period, if selected. 


9. New Start Digital ICF_(ANZISO 


The final alternative would be the unilateral USMC 


design and procurement of an entirely new AN/TSQ-xxx 
Lacie Our policy is that this is to be undertaken only 
as a last resort (Ref. 2: p. 1-4]. The decision to build a 


new start would have the benefits of the lessons learned by 
the other services, new technology, elimination of unneeded 
capabilities, inclusion of capabilities non-existant in 
other equipments, etc. While this solution may appear more 
costly, there are potential inherent cost savings in the 


application of emerging technology not in existance when the 
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AN/TSC-111 or AN/TSQ-84A concepts were conceived and devel- 
oped. Therefore, in the event that the "off-the-shelf" 
TSQ-111, TSQ-84A, and all other alternatives prove inade- 
quate, and considering the necessary acquisition lead tine, 
the construction of a new facility is viewed as a viable 


alternative for the long term cnly. 


E. SUMMARY OF ALTERNATIVES 


The several alternative technical control and switching 


equipments discussed above, when operated alone or in combi- 


nation, form the alternatives summarized below. The 
AN/TTC- 42 ls inplicitly enployed as a Switching 
facility (except alternative "1'). When mentioned here, it 


is being employed specifically as a limited technical 
control facility. System level block diagrams of each 
alternative implementation are shown in Appendix D. The 
numbering scheme shown here will remain constant for the 


remainder of the study. The alternatives are: 


1-  AN/TTC-39A - replace the AN/TTC-42 (Enhanced) with 
the AN/TTC-39A and utilize its enhanced technical 
control capabilities (Fig. D.4). 


2.  AN/TTIC-42 (Enhanced) - use the circuit switch unilat- 
erally as an integrated switch, MDF, and technical 
control facility for all analog and digital circuits 
[Ref. 19] (Fig. D.4%). 


3. AN/TIC-42 (Enhanced) and analog MDF = use the circuit 
Switch as both switch and limited primary technical 
control facility but include a remote analog MDF with 
a levei «0» capability for all analog circuits which 


do not pass through the switch (Fig. D.5). 
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AN/TTC-42 (Enhanced) and hybrid MDF - use the circuit 
switch as both switch and limited primary technical 
control facility but include a remote analog/digital 
MDF with a level «0» capability for all analog and 
digital circuits which do not pass through the 
Switch (Fig. D.5). 


AN/TTC-42 (Enhanced) and AN/TSOQ-84 - use the circuit 
Switch as both switch and limited primary technical 
control facility for digital circuits and the 
existing AN/TSQ-84 as a level <2> primary technical 
control facility for all analog circuits (Fig. D.6). 


AN/TTC-42 (Enhanced) and AN/TSQ-84 (M1) - use the 
circuit switch as both switch and limited primary 
technical control facility for most digital circuits 
and the modiried AN/TSQ-84(M1) as a level <2> primary 
technical controi facility for all analog circuits 
and level «1» secondary facility for all remaining 


digital circuits (Fig. D.6). 


AN/TTC-42 (Enhanced) and AN/TSQ-84 (M2) - use the 
circuit switch as both switch and limited primary 
technical control facility for some digital circuits 
and the modified AN/TSQ-84 (M2) as a level <2> secon- 
dary technical control facility for both all analog 


circuits and for most digital circuits (Fig. D.6). 


AN/TTC-42 (Enhanced) and AN/TSQ-84AÀ - use the circuit 
switch as both switch and limited primary technical 
control facility for digital circuits and the 
AN/TSQ-84A as a level <2> primary technical control 


facility for all analog circuits (Fig. D.6). 


AN/TTC-42 (Enhanced) and AN/TSO-84A(M1) = use the 


circuit switch as both switch and limited primary 
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technical control facility for most digital circuits 
and the modified  AN/TSQ-8UA (M1) as a level <2> 
primary technical control facility for all analog 
Circuits and level «1^» secondary facility for all 


remaining digital circuits (Fig. D.6). 


10. AN/TTC-42 (Enhanced) and AN/TSQ-8UA(M2) - use the 
circuit switch as both switch and limited primary 
technical control facility for some digital circuits 
and the modified AN/TSQ-84A (M2) as a level <2> secon- 
dary technical control facility for both all analog 


circuits and for most digital circuits (Fig. D.6). 


11. AN/TTIC-42 (Enhanced) and AN/TSQ-111 - use the 
circuit switch aS Switch and patch and test 
facility (PTF) and the AN/TSQ-111 as a level <3> 
automated technical control facility for all analog 
and digital circuits (Fig. D.7). 


12.  AN/ITC-42 (Enhanced) and AN/TSQ-xxx - use the 
circuit switch as switch and patch and test 
facility (PTF) and the AN/TSQ-xxx as a level «3» 
automated technical control facility for all analog 


and digital circuits (Fig. D.7). 


Recall that since the near and long term decisions are 
compound, the selection of alternatives for the long term 
will ke reduced to a set which includes only those choices 
of equal or greater functional capacity than the equipment 
chosen for the near term. This analysis takes place in the 


next chapter. 
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VI. AN APPLICATION OP MULTICRITERIA DECISION THEORY 
À. DEFINITION OF THE REQUIBED DECISIONS 
As mentioned in the previous chapter, there are two 


required decisions: 


1. Select a near term solution to meet the needs of 
technical control ina hybrid analog/digital  LFICS 
environment which will exist in the 1987-1990 era. 


2. Then, based on the near term selection and additional 
analysis of the long term alternatives, choose the 
preferred solution for implementation in the long 
term (1991+) all digital LFICS environment. 


It is essential to note that the long term selection is 
dependent on tne near term choice. The selection for the 
near term establishes a capabilities baseline which the long 
term choice must meet or exceed. The following application 
of decision theory will proceed with the near and long term 
alternatives evaluated in parallel for simplicity and conti- 
nuity of the presentation. The effects of dependence will 
be assessed upon completion of the process by analysis of 
the results and appropriate elimination of any inconsistent 


results. 


B. SUMMARY OF THE CRITERIA, APPROACH AND TECHNIQUE 


1. Presentation of the Criteria 
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The selection of the criteria for evaluation of the 
alternatives is critical to the stability of the eventual 


decision. This stability means that a decision made at this 
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point, with limited information, will remain a good decision 
in the future in the presence of more perfect information 
and/or different criteria. The goal of this initial study 
is to provide a reasonably adequate but constrained set of 
equivalent (or "weakly" ordered) evaluation criteria to 
achieve a relatively stable decision. A search for 
differing criteria in class lecture notes, Marine Corps 
policy [ Ref. 2: pp. 1-4 to 1-7], consultation with other 
Marine Corps and Army communications officers and a review 
of the literature, yielded the list Shown in Appendix E. 
Selection of criteria from this list was based on applicabi- 
lilty in the conceptual phase, available data for assignment 
of values, present and future generality, and the author's 
preferences based on experience. The resulting criteria are 


specified in the following discussion. 


As mentioned above, there are two decisions to be 
made, each having different criteria. In the near term, the 
focus is upon timeliness and ability to perform a hybrid 
analog/digital mission. While in the long term, the focus 
1S more generalized to include an examination of the all- 
digital facility and the normal systems acquisition consid- 


erations which are appropriate to the available lead time. 
a. Near Term Criteria 


The criteria for the near term decision are 
listed below. They will be treated as equivalent with a top 
to bottom "weak" preference imposed only as required. The 
associated codes will be used for abbreviation in later 


tables and discussion. 


e Timeliness/Availability. (T/A) iS an assessment of the 
proposed alternative's equipment availability to the 
Marine Corps for service in the near term period. Uses 


scale: poor-excellent. Off-the-Shelf items would be 
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classified excellent, items classified toward the poor 
extreme would be under development, or in production 
but of high risk in schedule or quantity. 


e Analog Performance. (AP) is the level of capability 


for an analog mission. Uses levels: «0» - «3» 


discussed earlier. 


e Digital Performance. (DP) is the level of capability 


for a digital mission. Same scale as for AP above. 


e Cost. ($$) is a ranking of the expected cost to imple- 
ment the alternative in the near term. Uses scale: low 
to high. 


b. Long Term Criteria 


The criteria for the long term decision are 
listed below. The will be treated as equivalent with a top 
to bottom "weak!" preference imposed only as required. The 
associated codes will be used for abbreviation in later 


tables and discussion. 
e Digital Performance. (DP) same as mentioned earlier. 
e Analog Performance. (AP) same as mentioned earlier. 


e Manual back-up capability or "failsoft." (MBU) is an 
assessment of the alternative's ability to gracefully 
degrade, without permanent damage, and adequately func- 
tion in a seriously degraded mode (no power or loss of 
processor) using all manual procedures. Uses scale: 


poor-excellent. 


* Standard USMC/off-the-shelf. (STD) is an assessment of 


the standardization of the alternative. Uses scale: 


poor-excellent. Off-the-shelf USMC equipment would 
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Score excellent, other service off-the-shelf would 
Score good, and so on until non-standard, new designs 


would score poor. 


Interoperability. (IOP) is an assessment of this 
alternative's ability to interoperate with other joint 
service and allied technical control facilities. Uses 
scale: poor-excellent. TRI-TAC equipments would score 


higher than others. 


System complexity index. (SCI) is a classification of 
this alternative system's complexity in comparison to 
the others. Uses scale: low-high. A Low rank (high 


value) is assigned to a simpler manual systen. 


Technological Risk. (TR) is an assessment of the risk 
involved in use/development of this alternative item or 
system. Uses scale: low-high. Items for which tech- 
nology exists and has been demonstrated will score low, 
while items to be developed employing concepts not yet 


tried will score high. 


Timeliness/Availability. (T/A) Same aS mentioned 


earlier but for long term. 


Planned upgrade to all digital.  (PIP) is an assessment 
of the adaptability of this system to an all digital 
upgrade in the future. Uses scale:  poor-excellent. 
Equipment designed for digital use but retro-fitted 
with analog capability would score excellent while 
equipment requiring extensive modification would score 


FOOL. 


Cost. ($$) same as mentioned earlier but for long 


term. 
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2. Discussion of the Ordinal Scale Values 
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Prior to any analysis of the alternatives, they must 
be assigned values for each criteria. These values, or 
attributes, can be on nominal, ordinal, interval or ratio 
scales of increasing sophistication. A nominal scale of 
measurement uses numbers merely aS a means of Separating the 
properties or elements into different classes or catego- 
ries (e.g.: Democrat, Republican; low, medium, high; etc.). 
An ordinal scale of measurement refers to measurements where 
only the comparisons "greater," "less," or "equal" are rele- 
vant between values (e.g.: 1-first, 2-second, 3-third, 
ete. An interval scale of measurement considers not only 
the order of the measurements (as with ordinal), but the 
relevance of the size of the interval between  measure- 
ments (e.g.: temperature in degrees F or C where zero is 
arbitrary). Finally, a ratio scale is used when not only 
the order and interval size are important, but also the 
ratio between measurements (e.g.: weight, distance,  etc., 


where Zero is constant). 


The alternatives in this study will be assigned 
values on several criteria. It is conceivable that a 
mixture of each of the scales mentioned above could be 
employed. This choice is based upon the scale of available 
data relative to the various alternatives on the dimen- 
sion (criterion) of interest. When some alternative's 
attrikutes are well known at an interval or ratio level but 
one or more of the other's are not, we must digress to the 
scale which produces compatibility between the alternatives, 


usually ordinal or nominal. 


It is the case in this study that we are at a point 
in definition of a facility which is equivalent to the 


conceptual phase of a major systems acquisition cycle. Tn 
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this conceptual phase, we are defining operational and func- 
tional requirements at a high level. A realization of these 
requirements in terms of hardware is well into the future. 
This situation, however, is not as "clean" as that since 
there are equipments in existance which perform the desired 
functions. These known items are presented as alternatives 
and could be scored at an interval or ratio scale level in 
many criteria based on their respective developmental and 
operational test (DT/OT) results. The problem is that there 
are other alternatives--equipment mixtures, new start--whose 


Characteristics are not as well known. 


In order to compare all alternatives fairly, we find 
that digression to an ordinal scale of measurement provides 
the necessary level of comparability. This causes no hard- 
ship in subsequent analysis for there area multitude of 
procedures in both decision theory and non-parametric 
statistics which are applicable. Underlying all of this is 
the assumption that in the case of modification of existing 
eguipment or design and purchase of a new item, we will get 
exactly what we specify. That is, if we assign values to a 
new start so that it ranks higher than any existing or 
planned item, then we assume that we will specify, design 
and procure that item with the exact qualities which caused 
it to score higher. The decisions which are made may be 
wholly dependent on this single assumption, or they may be 
completely insensitive. The point is, we do not know at 
this point, so we must attempt to keep as much generality as 
possible in the decision process. The perceived good inten- 
tions of using interval or ratio scales at this point in the 
conceptual phase would require highly premature estimates of 
the qualities of our desired modification or new start 


equipment. 
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The ordinal scales and values which will be used in 


this application are: 


Foor, fair, average, good, and excellent 


(1, 2, 3, 4, and 5 respectively). 


Mission essential, minimum enhancement above mission 
essential capability, nominal enhancement, and 
maximum enhancement «0», «15, <2>27 and «3» 
respectively. 

Low, below average, average, above average, high 


(5, 4, 3, 2, and 1 respectively). 


The adopted standard for this study is that larger 
values are better, smaller values are worse. This is 
usually quite obviously related to the criteria except in 
cases where “lower is better." When considering criteria 
such as cost or complexity, it is easy to see that a larger 
value is desireable, meaning lower cost or less complexity, 


respectively. 


3. Why Other Decision Techniques 


(O 


o Not Apply 


There are numerous objective, seemingly straightfor- 
ward, single and multiple criteria decision techniques for 
comparison and selection between alternatives. When these 
are examined closely, we find that many assumptions are 
necessary to construct the so-called objective viewpoint 
prior to subsequent analysis and decision. In the acquisi- 
tion of military systems, it is typical to find these 
assumptions used to construct various measures of effective- 
ness (MOE's) SO that competing systems can be compared in 
cost and operational effectiveness aralysis (COEA) studies. 
Underlying these measures of effectiveness are the falacies 
of the process. When the envisioned item or system is in 


the early stages of development, and we have very little 
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empirical data to support  inferences about its quantifiable 
inherent input and/or output characteristics, we must make 
predictions or assumptions of factors such as: cost, risk, 
numerous "-ilities", performance, etc. In some cases, 
factors or criteria are too abstract to be clearly quantifi- 
able (e.g.: What is a unit of performance?;  risk?). Our 
premature search for definition often leads us to formulate 
models and draw inferences and conclusions which can be 
quite divergent from the eventual reality. Some of the more 
Common quantitative decision making techniques are outlined 
below with comments on their shortcomings and lack of appli- 


cability in this particular situation. 


One of the most often used and abused measures is 
expected value. It is easy to understand and calculate. 
Most decision makers are not aware of, or will overlook the 
fact that the basis for expected value holds only for a 
large number of trials and its use for one-time decisions is 
not appropriate. Ina military setting, this abuse of 
expected value is most apparent in our use of point esti- 
mates such as mean time between failure (MTBF), and other 
derived quantities, with their inherent biases and vari- 
ances, as underlying assumptions in the evaluation oí a 
system. We often base these estimates on the field test 
performance of development models which are often not repre- 
sentative of the ultimately fielded equipment. If we then 
model a series/parallel system using these same expected 
value estimates for each component, the error variance is 
compounded, often giving misleading results which we use in 


even higher level estimates and COEA studies. 


Tf we have asingle criterion or can reduce the 
problem toa single valued measure of effectiveness or 
figure ot merit (FOM), then we can choose a matrix approach. 


Also needed are the frobabilities for all future states of 
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the system. In matrix form, the rows represent the alterna- 
tive choices or systems; the columns represent the possible 
future states with their associated probabilities; and the 
matrix entries represent the MOE or FOM for the alternative 
in that future state. The MOE or FOM values are either 
known or obtained by calculation or estimation (perhaps with 
significant error--see above). The probabilities of each 
future state are occasionally known (not likely), estimated, 
assumed to be equally likely, or we can use the "most prob- 
able future" method. Once the matrix is completed by 
assignment of MOE/FOM values and probabilities, the alterna- 
tive choice is reduced to the use of one of several tech- 
niques (expected value, Maxi-Min, Mini-~Max, Min Regret, 
etc.), aS appropriate, depending on the particular applica- 
tion. The subject applicaticn of this study is multi- 
criteria and because of the nature of these criteria, and 
the lack of properly scaled data, calculation of a single 


MOE/FCM is not appropriate. 


If there are multiple criteria (dimensions) to be 
evaluated across the alternatives then a traditional 
approach would be to weight the criteria. Once weighted, 


the criteria can be aggregated to produce the desired 
OLE CHE Explicit weighting requires independent, ordered 
criteria and criteria that have compatible units. Neither 
condition is completly satisfied in this particular applica- 
tion. The criteria of this study are somewhat  depen- 
dent (e.g.: cost and performance), and they are crdinally 
valued (no specific units). It 1S preferable to treat them 
as eguivalent (unordered, indifferent) in 3 of the 4 
approaches, invoking a weak, but unquantifiable, preference 
only when necessary. Additionally, explicit weighting is 
most often incapable of responding to the dynamics of a 


rapidly changing future state environment (e.g.: mission 
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profiles, battle damage, etc.). Weights define the relative 
"worth" of an criteria inthe presence of others which 
remain constant and are independent. When there is depen- 
dence, just as in multiple regression, varying one or more 


of the other variables almost always results in a change to 


the coefficient (weight) of the variable cf interest. 
Finally, if there is dominance of one alternative over 
another, there is no combination of explicit positive 


weights which can alter that dominance. The weights, there- 
fore, are meaningless. It is certainly possible to develop 
a dynamic weighting scheme for the given criteria. 
Formulation of such a scheme would reguire extensive and 
accurate information on the behavior of each criterion for 
each specific alternative. This accurate information can be 
obtained by multivariate regression analysis of data 
provided by: collection of data from users, Simulation 
and/or operational field testing; all of which require the 
dedication of resources to obtaining an estimate which may 
not be consistent nor independent of other criteria. This 
level of erfort is not within the scope of this preliminary 
study. It would, however, be of interest to develop these 


weights in subsequent studies and/or theses. 


4. Assignment of Values to the Alternatives 
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The scoring of the alternatives was accomplished by 
the author and was based on: personal knowledge of the 
equipment, and a review of relevant literature, technical 
manuals, and test reports. Each alternative was grouped and 
ranked by comparison with the others. The scoring was done 
independently on each different criteria as if it were the 


only measure being utilized. 
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a. Assigning Values to Near Term  Aiternative 


Vectors 


The four criteria for evaluation of the near 


term alternatives are: timeliness/availability (T/A), 
analog performance (AP), digital performance (DP), and 
cost ($$). The classification and ranking of the near term 


alternatives is summarized in Table 2 below. 


TABLE 2 
ASSIGNMENT OF NEAR TERM VALUES 


Nom/Ord Scale Alternative (s) 


n 
2 
e 
e 
e 
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The tabulated classifications and ranks of 
Table 2 result in the near term alternative vectors shown in 


Table 3 in the following secticn. 


70 


b. Assigning Values to Long Term Alternative 
Vectors 


The ten criteria for evaluation of the long tern 
alternatives are: digital performance (DP), analog perform- 
ance (AP), manual back-up capability or "failsoft' (MBU), 
standard USMC/off-the-shelf (STD), interoperability (IOP), 
system complexity index (SCI), technological risk (TR), 
timeliness/availability (T/A), planned upgrade to all 
digital (PIP), and cost ($$). Due to the number of criteria 
for the long term classification and ranking procedure, the 
details of the process are shown in Appendix F with the 


results summarized in Table 3 telow. 
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The resulting alternative vectors are Summarized in 
Table 3 below. The reader is reminded that "bigger is 
better" and that the values shown are ordinal scale; they do 


not represent interval or ratio scale data. 


T ত ভাত mmm E 3 
| | 
| TABLE 3 | 
| SUMMARY OF SCORED ALTERNATIVE VECTORS | 
| 
| Alt Near-Term Vector Long-Term Vector | 
1 27377 A EA A 1 i 
৷ 2 5.0,2.5 Denies) 352, 5, 5,5, 5 | 
| 3 5,0,2,5 2 E 3,5, 5,3,0 
| 5 27277 mo 15372724375 | 
| 6 12 251154523৮8 
| 7 22275 PR 3, 4,5,8,3 | 
i 8 ৷] ৩ 9 PEE 2, 3,13, 3,3 | 
| 9 1227 piri Bi | 
10 8225 22152237247 2 
1 11 275.77 1571-22-41 | 
| | 
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C.  AEPLICATION OF DECISION THEORY 


This study proposes to avoid most of the pitfalls of 
underlying assumptions, inappropriately weighted aggregation 
of multiple criteria, and abuse of expected value by using a 
Subjective, ordinal valued ranking technigue. The justifi- 
cation, in general, is that the discussed alternatives do 
exhibit a natural classification or ordering when viewed 
unidimensionally one criteria at a time. This qualitative 
ordering of the alternatives 1s based solely on subjective, 
rational human thought and is not quantifiable on an 
interval or ratio scale. These criteria will be treated as 
equivalent (lexicographic indifference among criteria) in 
all cases except the aspiration level analysis, where they 
will be lexicographically ordered with "weak preference" 
thus providing an orderiy scheme of evaluation should relax- 
ation of preferences be necessary. This approach provides a 
method for evaluation which is relatively free from the 


Shortcomings of the so-called objective technigues. 


There will bean examination of the alternatives for 
dominance, followed by the utilization of three multi- 
criteria decision techniques: aspiration with relaxation, 
multi-dimensional vector to scalar transformation, and an 
application of the non-parametric Mann-Whitney test. 
Dominance and aspiration with relaxation together are 
Similar to what Coombs refers to as the conjunctive model 
[Ref. 24: pp. 254-259]. Both techniques are included since 
dominance alone does not produce an ordered solution. 
Aspiration with relaxation in addition to multi-dimensional 
vector to scalar transformation are from Easton [ Ref. 25: 
pp. 188, 170-172 resp. J), and the non-parametric pair-wise 
Mann-Whitney test is from Conover [Ref. 26: pp. 216-218]. 
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The application of dominance should yield a reduced set 
of viable alternatives while each of the latter three tech- 
niques will result ina preferentially ordered set of 
optimal alternatives for both the near and long term solu- 
tion. It is anticipated that an ordered intersection of 
these sets can be constructed and that it will be non-empty 
containing the "best" alternative solution(s). Under the 
assumption of equivalence the criteria, the vector to scalar 
transformation produces a quantity which could be utilized 
as an MOE or FOM. The dominated alternatives (if any) will 
be retained for the dimensional analysis and the 
Mann-Whitney tests as a means of validation of those partic- 
ular decision processes. Recall that, following the 
complete process, an analysis of the effects of the 
resulting near term choice upon the long term alternatives 
will be assessed and reported. Additional details ০ the 
processes for both near term and long term can be found in 


Appendix F. 


1. Dominance 


Dominance is defined as being less preferred or 
equivalent, on all criteria, to another alternative. If 
there any alternatives which are clearly dominated, then 
they are eliminated to reduce the range of choices. TE 
there are any alternatives which are equal on all criteria, 
these ties will be retained as a means of validation in the 


subsequent decision process. 


In the near term portion of the decision process 
there are two cases of tied alternatives: 1 is tied with 11 


and 2 is tied with 3, and there are several cases of domi- 


nance: alternatives 1 and 11 dominate 12; alternatives 2 
and 3 dominate 4; and alternative 5 dominates 6, 7, 8, 9, 
and 10. The remaining near term decision alternatives 


and ({2.3,3, 1), 2 and 32315,0,2,5), and 5: (5,2,2,4). 


La 


In the long term portion of the decision process 
there are no ties and several cases of dominance: alterna- 
tive 5 dominates 3 and 8; alternative 6 dominates 9; alter- 
native 7 dominates 10; and alternative 11 dominates 1. The 
remaining long term decision alternatives are: 2, 4-7, 11, 


and 12 as shown in Table 3 above. 





n Aspiration Levels 


This method is essentially an application of Coombs' 
conjunctive model [Ref. 24: pp. 254-259] but can also be 
likened to a modification of Easton's "Combination Go, 
No-Go, Optimization Rule" [Ref. 25: p. 188]. It consists of 
selection of the alternative(s) which meet or exceed ("=>") 
a desired aspiration level vector across all dimensions or 


Criteria- 


a. Definition of the Aspiration Rejection and 


Acceptance Sets 


The aspiration vector elements each define a 
plane in a space of the same dimension as the alternative 
vector. This space, inclusive of the boundary surface but 
not the "corner" points, forms the primary rejection space. 
Alternative points which are contained within the primary 
rejection space are currently in the rejection set but 
remain future candidates for membership in the acceptance 
set. The acceptance set is defined as the set of all alter- 
native points which have been corner points of the primary 
rejection space. Points which lie outside the rejection 


Space (none initially) are permanently rejected. 
b. Initial Conditions 


Ail alternative points which initially lie 
within, or on the surface of the contained space (but not on 


a "Corner" ) are considered rejected. Corner points are 
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accepted and gain immediate membership in the acceptance 
set. There will initially be no points outside the rejec- 
tion space. When the aspiration level is set to the "best" 
in all criteria a Maximal rejection space is defined. It 
would be highly unlikely for any alternative to qualify so 


relaxation (shrinkage) of the rejection space is required. 


C. Successive Relaxation and Àcceptance 
Requirements 


For a point to enter the acceptance set as 
defined above, it must at one iteration in the relaxation 
process be at the intersection of all defined planes, that 
is at a "corner" of the space. This is found to be true 
since the space shrinks discretely and a weak preference 
relation is in effect along each dimension. This preference 
relation demands at least equality conditions on all dimen- 
sions (a "corner") before an alternative is accepted as 
preferred or indifferent to (">=") the successively relaxed 
aspiration space. The entire process, therefore, reduces to 
a Simple check for equaiity between elements of the list of 
relaxed aspiration vectors and the remaining alternatives. 
If equality is found, that alternative enters the acceptance 
set. If the end of the relaxation is reached and some 
alternatives remain in the rejection set, then they are 


discarded as not acceptable. 
d. The Actual Relaxation Process 


initially, the criteria are treated as equal or 
as 1f we were indifferent among them. Since no alternatives 
are acceptable, the criteria must now be viewed as "weakly" 
ordered (lexicographically: "=" preferred or indifferent 


to) left to right,!2 we choose to selectively impose the 


12If the criteria are (313 725 Sad; then this can 
be stated as: 1) >= (2), 2E I 1) >= (J). 


om HF 
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weak "preferred to" condition as a means of sensitivity 


analysis. This enables a systematic relaxation of the 
threshold criteria, and consequently, reduction in the 
number of alternatives contained in the rejection set. If 


the values in the aspiration threshold vector are relaxed 
successively from right to left, one or more alternatives 
will eventually leave the rejection space through a corner 
point and will be accepted. This departure, as explained 
above, is simple equality with one of the successively 
relaxed aspiration vectors. Refer to Figure F.1 in 


Appendix F for a 3J-space example of this relaxation process. 


Let the initial threshold aspiration vectors for 
this application be as shown in Table 4 following. The 
range entries <a,b> define the maximum and minimum limits 
along a dimension of the rejection space. They are inter- 
preted as meaning that the range of acceptable ordinal 
values for that criterion attribute is "a" to "b" inclusive. 
An "X" represents a don't care. The aspirations in this 
case would include the entire range of ordinal values. 
Rather than enumerate all of tthe additional relaxed aspira- 
tion vectors, the "X"-don't care is used to mean take the 
best value available of this criteria when the alternative 
meets all of the other threshold levels. The supporting 
detail for the initial long term aspiration vector is shown 


in Appendix F. 


Since none of the candidate alternative vectors 
qualify under the constraints of the initial aspiration 
vectors (near and long tern), relaxation 1s required. 
Successive relaxations of the initial near term vector and 
the pcints at which alternatives enter the solution set is 


as shcwn in Table 5 below. 
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TABLE 4 
INITIAL ASPIRATION LEVEL THRESHOLD VECTORS 


Near Term Aspiration 


(<4,5>, <2,3>, <1,3>, X) 


D sS "—— 


ee | 


T/A <good,excellent> «4,5» 
AP <nominal, max> 279 
DP <minimal,_max> <1,3> 
$$ "Don't Care" X 
Summary Long Term Aspiration 
ID» «1,3»5,«4,5»5,«0,55,«8,55,X,«3,5»5,«3, 55 ,XU, 5» ,X) 
om EE 1 
| | 
| 
| TABLE 5 | 
| SUCCESSIVELY RELAXED NEAR TERM ASPIRATION VECTORS | 
| | 
i 0 se EEE TS xk | 
| 1 57320956 
| 2 2 | 
| 3 2525,3,X | 
| 8 Siete ek = Alt. 5 enters | 
| 5 527259, X | 
| 6 ea ek 
i ৫ 83৮12 | 
| 
| 9 RAE | 
10 47927 27 = Alts. 6 > 8, 9 enter 
| 11 82221 X | 
' | 
RN | 
c J 
There are 864 iterations in the successive 


relaxation of the long term aspiration vector, they will not 
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be shown here. Table 6 below illustrates only those vicini- 
ties where significant events are occurring as indicated by 
the entry of the various alternatives into the acceptance 


set. 


[yy ye ee Se a ee ee ee 


TABLE 6 
SUCCESSIVELY RELAXED LONG TERM ASPIRATION VECTORS 


000 3,3,5,5,5,X,5,5,5,X 
001 (373: 5:8: 5: X 3, br dr Y) 
002 5৮575227525 
(3,3,070 স e 

(373,45 425: 3,3, 3:571 = Alt. 11 enters 
(2.2.:5;07 8 সু) 29%] 

-—— (21213141400 405505) = Alt. 7 enters 
2,2,5,4. 0 X; 0.05. 
863 (2,1,0,0,0,X,3,3, 0, X) 
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The comparison of the several iterations of 
relaxed aspiration vectors (Tables 5 and 6 for near and long 
term resp.) with the alternatives vectors in Table 3 above 
leads to the selection of alternatives "5", "6", and "8/9" 
as viable for the near term and alternatives "11" and "7" as 
viable for the long term. The ordering left to right indi- 
cates their order of preference within their respective 


acceptance sets. 
3. Ordinal to Utility Value Conversion 


The remaining two technigues require that the 


Criteria values be on the same scale. The Simplest method 
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to accomplish this is to convert each attribute's range of 
values to a equivalent 0-100 utility scale using a positive 
linear utility curve transformation. It must be noted that 
not ail of the chosen criteria are most accurately repre- 
sented by a linear utility function but it was chosen for 
simplicity and in the absence of additional data to support 


another, more accurate, choice of utility curve.!5 The 
ordinal ranges, their initial values, and their positive 
linear adjusted utilities are shown in Table 7 below. The 


converted near and long term alternative vectors are sumna- 
rized in Table 8 and note that the alternatives which were 
dominated earlier (marked with "*") have been retained as a 
means for validation of the following two decision 


techniques. 


4. Selection Based on Dimensional Analysis 





The following dimensional analysis or vector to 
scalar conversion assumeS equivalence of the dimen- 


sions (criteria) [Ref. 25: pp. 170-172]. 
a. Alternative J-Space Defined 


Since the alternative vectors are 
j-dimensional (j=4 or 10, for near and long term,  resp.), 
let us define a j-space where the origin can be viewed as 
the worst possible alternative (e.g.: zero capability). In 
this space, there is an axis for each of the multiple 
criteria. Each alternative criteria represents the value 
for a projection of the alternative vector on that criterion 
axis inthe  j-space. As we move away from the worst 
possible alternative, the origin, in any single dimen- 


sion (e.g.: digital performance, cost, ...) we are improving 


135ee Easton (Ref. 25: pp. 148-150] for an excellent 
description of several of the more common of these utilit 
curves. Also refer to ই F for a brief discussion an 
figures of the simpler utility curves. 
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TABLE 7 
ADJUSTMENT FROM ORDINAL TO UTILITY VALUES 





———————————————————————————— — ——— | 


| 
| 
| Range Values Utility Values 
oor 1 0 
air 2 29 
| average 3 50 
৷ good 4 75 
| excellent 5 100 
| high 1 0 
above average 2 2 
| average 3 50 
below average 4 15 
| low 5 100 
| «0» 0 0 
| «1» 1 38 
| < 2> 2 67 
| <3> 2 100 
| 


our posture since each attribute of the aiternative vectors 
represents a "bigger is better" score. Figure F.3 in 


Appendix F shows this structure for an example in 3-space. 


By a j-space extension of 2 and 3-space proper- 
ties, a point more distant from the origin in this j-space 
is ranked "better" across all equivalent dimensions or 


criteria (e.g.: a nearer to optimal mix of rankings). 
b. Problems with Ties and Inconsistencies 


There are problems with this technique, however, 
since there is the possibility of a tie or an inconsistency. 
The criteria are not weighted, yet they can be ranked by 
preference, so that ties can be resolved by  invoking the 
"weak" preference aspect of the ">=" ordering of the 
Criteria and by examination and selection of the alternative 


which first contains a higher criteria ranking, moving in 
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TABLE 8 
ADJUSTED ORDINAL TO UTILITY VALUED ALTERNATIVES 
e 


+ 
«i 


x 

X 34€ 3€ + RK 
Ss + puppe. anime, 
U^ uL CS unu uo 
NOQMMUIUINN we ৬ 
DON ৬ ৬ ৬ =৩ “4D 
Ore . wV-p(DDÜDp Doo 
C € [৬০ ৬০৬০ ৬০১০ ৫ ২০ 
চা an 9o g 
WOW € আস =O 
O ৬ ৯০১১২১৬০১০০ ৬০০-১৩১ 
OOO ৬১) ৬ ৬ a a nO” 
t $ ৯৫ ২৫০১৮৫৮১৩১৭ ৬ 
০১৫ শু ৬7০১ 
৮০১৩৩ OD eee সর 
Nee e N 
w সি — 


mi. 
e OQ 23 UN) ONO 0) c7 e 


42 
nar 
ex) 


3t 

হে erm 
HOU) 34 O 
Om 020 ONO 
eCDMrKnoonrnne 
SOU ১৮৮9 ৬ & wom 
COO a MH ৬ ৬ MINO ৯ 
ecc 0u»yuouour-oc 
ae "Or NANN ৬ veu 
C Ct wv ৬ a2 ৯৮৮1 » e 
Na wo5oooinr-r-ooc 
se" Oo Oo e "Na 
A Or” ae WOOD oo” 
NOT WO s ONNO » 
TD OONN . vno 
O” ODO WW ৬৬ 
৬৯4৫) ২ . » UNNOO 
OLN a» «OOOCN . * w 
u)NOOCOuIiwnu ৬4৫৮6 ৩১ ৰু 
a ANN . » ANO s 
OO s YNNN . ro 
NUYS SN NN «50 wD 
e en . 9 SONU) 
MOR «oOUUMn ~ a 
NO u,.noao 0 O 
“Or = ANGONO 
C» wf) » DON rrpp” 
CO wu) ৬ . oa. ea & 
e Oum e বাশ ১৩১৩ 
a AY) wee «DONADOS 
om wv)r-Cc- ই $9 ec 
OMMRMwNNNRAA * & 
m= YO 1 4 AUDIDIOOO 

Oo 2০2০ — 


ma Snel eee ee eee” 


C35 e CN 
TPNAMTNWOM ODS ee uc 


* Previously dominated alternatives. 


—> y Lo cem MER O TP > PEA PO 79 SP ag Se e EE a rs A A ras AA ee en EY ay জজ — 


Step-wise fashion, 


left to right. This is valid as 


from 


long as the criteria are at least weakly ordered. 


situation where an 


Inconsistencies refer to the 


values of (j) yet 


smaller 


for 


ranked lower 


alternative 


ranked larger for higher values of (j) has a couputationally 


in a manner closer to a 


greater length than a vector ranked 


monotonically non-increasing function 


for increasing values 


inconsistencies 


detected by 
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These 
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versus & (2) 7 (29353) - 


14An example would be A (1) =(3,2,2) 
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observation or by noting disagreement with the results of 
the other techniques and will be resolved on a case by case 
basis by: examination of the variance of the competing rank- 
ings and/or by using only the most significant (leftmost) 


criteria rankings as ''tie-breakers." 
C. Vector to Scalar Computation and Results 


The most distant point from the origin in the defined 
j-space is determined by calculation of the lengths of all 


alternative vectors using the standard Euclidean norm: 


where: J 4, 10 for near, long term resp. 


um the elements of alternative 
tL, J vector 
i 
The results for the set of alternatives are 
essentially unweighted figures of merit (FOM) and are shown 


in Tatle 9 below. 


Alternatives "2/3" and "8/9" for the near tern 
are tied as they should be (earlier result) so all are 
retained in the solution set. There are apparent inconsis- 
tencies in the near tern. Alternatives "11" and "12" score 


better than "6" but the latter scores better in the left- 
nost criteria and has less variance than "11" and "12" 
(83.19 versus 1992.19 and 2500 resp.). Consequently, alter- 
native "6" is actually preferred over "11" and "12". There 
was one tie in the long term between alternatives "6" 
and "7" but it was resolved by exauination of Table 3 above. 


They are tied in all criteria 1-8, but since alternative 


= = = SS ফু হৰক অ এদা e eee ce eee বা 


The lengths are 4.12 and 4.69 respectively yet alternative 
A (1) seems the most desireable since it is ranked nigaer 
than A(2) ın the "weakly" preferred leftmost criteria. 
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TABLE 9 
FIGURES OF MERIT - RESULTS OF DIMENSIONAL ANALYSIS 


"— 


3 
| 
| 
| 
| 

Alt Near-Term Length Long-Term Length | 

1 145.77 Mace) | 

| 2 156.49 243.57 i 
3 156.49 A | 

{ 4 (125.46) * 223. 50 | 
| 5 156.85 255.40 i 
6 130.78) * 237.65 | 

| 7 118.23) * 237.65 ৷ 
| 8 123.40) * 599: 43) 3 | 
| 9 123.40) * 202. 12) * | 
| 10 110.01) * 205. 19) * ৷ 
11 183.61 238.48 | 

| 12 (141.42) * 269.26 | 
| * Previously dominated alternatives. | 
| | 


"7" is ranked higher in criteria 9 (PIP), it is therefore 


preferred to "6". 


The application of this technique leads to the 
selection of alternatives "5", "2/73", "1", and "6" as viable 
for the near term and alternatives "12", "5", "24, “18, 
"7", and "6" as viable for the long term. The ordering left 
to right indicates their order of preference within their 


respective sets. 


9. Selection Based on Pair-Wise Mann-Whitney Test 


In this final application, also using the converted 
utility valued alternative vectors, a comparison 1S nade 
between each pair ot alternatives to determine if there is 
an indication of preference, and in which direction. We 
assume that each alternative vector represents the mean 
response from a population of equipment identical to that 


described in the discussion of the alternative. That is, 


6.3 


the vector summarizes the characteristics of that alterna- 
tive population along the several criteria dimensions but is 
not a random sample. These alternative vectors were created 


by a scoring process, not a sampling process. 


The Mann-Whitney test, as outlined in Conover 
(Ref. 26: pp. 216-218), is normally constructed as a test of 
hypotheses. That is not the case in this application. 
Since the Mann-Whitney assumptions are not met: the vectors 
are nct random samples, and there is a lack of independence 
between alternatives, and between  criteria!*5 the procedure 
is applied oniy to calculate a preference measurement value. 
This value, or Mann-Whitney test statistic, is indicative of 
a directicnal trend (when not = 0) QE indifference 
(when = 0) in the preference of one alternative A(i) over 
another A(j). It must be noted that values near zero may be 
due to random effects and not be indicative of any trend 
whatscever. For the purpose of this study, if a non-zero 
value results, then a direction is inferred and the appro- 
priate (weak) preference is reported. This information will 
be utilized to group alternatives, consolidate preferences 


and ccnstruct a logical ordering to the alternatives. 


The detailed results of the Mann-Whitney calcula- 
tions and anlysis are displayed in Appendix F. Shown below 
in Table 10 are the summary preferences for both the near 


and long term. 


By counting the number of left-hand-side occurances 
of each alternative (i.e.: LHS > RHS) it is possible to rank 
them, breaking ties by examination of the tied alternatives 


for a preference among themselves. Additionally, it is 


OA A A A e O o o IR) e থা 


| 1SThe alternatives which employ, the AN/TTC-42 are not 
দুৰ ৰা 3; The cost criteria is influenced by most 
others. 
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TABLE 10 
SUMMARY OF PAIR-WISE MANN-WHITNEY RESULTS 
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to deter- 


necessary to examine closely related scores (+/-2) 


are any inferences of 


nine if there 


overriding preferences 


It is concluded from this summary that 


Mm preferred to "2/3" > "1" 


"5. 


for the near term. 


to be resolved. 


ty " 


113384 > 


> 


scores lower but was given explicit 
The long term result is "12" 


that "11" 
preference over "y", 


Note 


preferred 
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to "5" > "776" > "DU SE Note that the tie between "6" 


and "7" was again resolved as earlier. 


D. SUMMARY OF ALTERNATIVE SELECTION PROCESS 


The results of the above multi-criteria decision deci- 
sion making techniques are shown in Table 11 below. The 
parenthesized lists in the top half of Table 11 are the sets 
of alternatives which were identified as  "best/better" at 
each step in the process. Within each set except dominance, 
the alternatives are preferentially 
ordered (e.g.: a» b » c ...) from left to right. The dori- 
hance result is not preferentially ordered but simply 


contains the dominant alternatives in numerical sequence. 


The ordered “intersection" at the center of Table 11 was 
formulated by a Scoring tabulation of the various alterna- 
tives and their orderings in the prior solution sets. 
Table 12 shows all near term alternatives (rows) scored by 
the number of times they finished first, second, ..., (cols) 
in the three ordered solution sets (aspiration, dimensional, 
and Mann-Whitney). Analysis of Table 12 leads to the 
conclusion that a reasonable near term intersection should 
consist of: "5" > "2/3" > "6" since their scores indicate 
that particular ordering. Table 13 shows the scoring 
summary which is used to construct the long term ordered 
intersection of: 12» 11» 5» 7» 6/2. An apparent incon- 
sistency, in terms of capability, between "2" and "6" is 
resolved by noting that "6" ranks better than "2" in the 


leftmcst criteria. 


The bottom of Table 11 summarizes the result of taking 
the ordered intersecticns in combination with the effect of 


long term dependence upon the near term selection(s). 
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TABLE 11 
SUMMARIZED RESULTS OF DECISION ANALYSIS 





| 
৷ 
| 
| 
| Met hod Near-Term Result Long-Term Result 
| Dominance: (1,2,3,5,1 1) (20505576977, 11, 12) 
| Aspiration: (5,6,8/9) (11,7) 
| Dimensional: (5527/3, 1,1179) (275959115, 7 , 6) 
| Mann-Whitney: (5,273, 1, 1 124) (12,5,7/6,2,11) 
| intersection: near term cnm 2/3, 
| long term choices= 12, Al, 8) uror 2) 
| Near-Tern Long-Term Choices 
| If 5 then: 1251155,7,6 
| If 2/3 then: N21, 57/265 2 
| If 6 then: 62755171558 
e 
TABLE 12 


COUNT OF NEAR TERM ALTERNATIVE ORDERS 


Score by Orderings 
1 2 3 4 


te ee Oe oe Oe ee ee SE ae ae ae pe, eee oe পা) 


Alts 1 2 3 4 > 

I: 2 

2: 2 

ju 2 

4: 1 
9: 3 

6: 1 1 

Gis 1 

9: 1 
Ii: 1 
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TABLE 13 
COUNT OF LONG TERM ALTERNATIVE ORDERS 


Score by Orderings 
1 2 3 3 


Alts 1 3 2 
2s 1 1 
53 2 
6: 1 1 
7 : 1 1 
11: 1 1 1 
12: 2 


Se Mims ee (Oe COS ee, MBE Bee Ge Gem Se See 
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Given that we will select from the near term alternative 
solution set, the effect on the long term decision can be 
assessed. The analysis considers the preference and capa- 
bilities of the remaining elements in the long term ordered 
"intersection" solution set after the establishment of the 
near term baseline selection and its capabilities.!$ It is 
assumed that we will not select along term solution of 
lesser capability than the near term but one of greater or 
at least equivalent capability. Considering the results 


shown in Table 13 the analysis proceeds as follows: 


1. If the most preferred alternative, "5", is selected 
in the near term, then, any choice from the long term 
intersection except "2" is acceptable. We would not 
consider any alternative of lesser capability for the 
long term, thus alternative "2" would be eliminated 


from the choices. 


16For example: if the choice for the near term were the 
AN/TTC-42 SRM ACE with the AN/TSQ-84 ("5") then, logically, 
the long term choices would not include ap COE of less 
capability than the established near term baseline; such as 
the TT1C-42 and: no TCE (2) O etC., (refer to 
the alternatives listed in an earlier chapter). 
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If "2/3" is chosen in the near term, then the viable 
choices for the long term include all elements of the 


intersection. 


If "6" is chosen, then the long term solution set 
includes all of the long term alternatives in the 
ordered intersection except "5" and "2" since they 


are both of lesser capability than "6". 
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VII. CONCLUSIONS AND RECOMMENDATIONS 





This has been a preliminary study of the needs of the 
USMC for technical control in the near term (1987-1990) 
analog and digital environment and the long term (1991+) all 
digital envirionment. It has maintained a somewhat higher 
level of discussion than that necessary to actually define 
an equipment solution beyond the block diagram level. The 
approach has been similar to a systems engineering  func- 
tional description process in the conceptual phase of a 
system acguisition cycle. The major difference between this 
approach and a completely new start concept is that there 
exist equipment solutions already in production and/or 
completing their design phases which are viable. These have 


been included as alternatives. 


A. STUDY OBJECTIVES 


The original request for study stated an overail objec- 


tive cf: 


"This study is to determine the digital technical control 
requirements, and discuss the modification or replacement 
of the AN/TSQ-84 to provide the necessary facilities in a 
digital communications envircnment. This will provide an 
essential element in assessing the impact oœ digital 
systems and digital data communications on the Landin 
Force Integrated Com munication Systems (LFICS] 
architecture." 


There were three specific objective inquiries. The 
study results for these three inquiries is presented in the 


following. 
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1. Applicable FMFM 10-1 Digital TECHCON Functions 





Objective 1: "Determine which of the FMFM 10-1 


TECHCON functions apply in a digital environment." 


Conclusion 1: TCF Functions 


There is no difference in the functions of an analog 
or digital technical control facility. The differences are 
found inthe procedures and tasks which implement those 
functions. This misconception stems in part from the pres- 
entation in FMFM 10-1 (see Appendix A) which is a mixture of 
technical and management functions and procedures. The 
emphasis should specifically be on technical functions. 
Also, they are redundant and are not in consonance with 
technical control functions as defined by the other services 


and industry. 


Recommendation 1:  TCF Functions 


It is recommended that the following widely accepted 
general functions be accepted as the required technical 
control functions, replacing those currently found in 
mara 10-1. 


"The LFICS technical control facility must contain 
the resources to provide the capability for network and 
nodal functions aS appropriate for its level of command and 


control. These general functions are: 
e Circuit Connectivity, 
e Circuit Monitoring, and Testing, 


e Fault Isolation, 
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e Circuit Restoral, and 
e Circuit Status Reporting." 


These functions are applicable for analog,  analog/ 
digital, and all digital systems. The differences will 
occur in the procedures and tasks mentioned inthe next 


objective. 


2. mplementation of TECHCON Functions 


Objective 2: "Identify implementation methods for 
these digital TECHCON functions." 


Conclusion 2: TCF Procedures and Tasks 


It is necessary to separate the functions from the 
procedures and tasks which are performed in their implemen- 
tation. Viewing the above stated functions now from a 
procedural side, the outline below is provided as a starting 


point for future consideration and further development. 


Recommendation 2:  TCF Procedures and Tasks 


It is recommended that the following be included in 
the FMFM 10-1 as a basic listing of technical control analog 


and digital procedures and tasks: 


"The technical control facility will implement its 
functions in the following general manner aS appropriate for 


its level of nodal services to command and control elements: 
a. Circuit Connectivity 


The technical control facility will provide, as 
a minimum, physical connectivity between all nodal 


communications center, tactical data system, and subscriber 


22 


equipment; Switching equipment; and transmission media. 
This connectivity will be used to install, activate, 
re-route, and deactivate nodal circuits as directed by the 
OSSEC. Above the basic physical level, connectivity implies 
circuit signal compatibility. This compatible interface 
will be achieved by the use of digital group modems, time 
division multiplexing equipment, bulk encryption devices, 
buffering equipment, net radio interface devices, etc. The 
requirement for a compatible interface also implies the 
application of analog and digital circuit line conditioning 
equipment such as: line amplifiers, attenuators, delay line 
equalizers, delay envelope egualizers, etc. At higher 
echelons (MAF, MARDIV, ...) this connectivity may be imple- 
mented by use of an electronic switch matrix as part of the 


Main distribution frame (MDF). 


b. Circuit Monitoring 


The technical Contcol facility (TCF) 711. 
continuously supervise and monitor analog and digital 
circuit quality. It is equipped with a suite of manual, 


semi-automatic and/or automatic test, measurement and diag- 
nostic equipment (TMDE) depending on its location. These 
items of TMDE will be constantly employed to monitor active 
circuits, on a non-interference basis ("in-service" test), 
to detect circuit degradation problems before they become or 
cause catastrophic failures. Some of the typical tests are: 
bit-error-rate test, bit count integrity, dropouts, impulse 
hits, phase jitter, signal to noise ratio, etc. If a 
circuit failure occurs, or a degraded condition is detected 
through monitoring, this same TMDE will be used to thor- 
oughly test and evaluate the subject circuit. The testing 
results will be quantified and analyzed to determine the 
degree of circuit degradation and if restoral is achievable 


using line conditioning techniques. 
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C. Fault Isolation 


When a circuit failure occurs, the cause will be 
isolated by the proper application of troubleshooting tech- 
niques. The remote ends will locally test there respective 
equipment, if appropriate. Simultaneously, the TCF will 
begin to verify the circuit in ever increasing distance from 
the main distribution frame. When the circuit degradation 
or failure is introduced, the problem will have been local- 
ized to the last included item of equipment and/or transmis- 
Sion media. This procedure is accomplished by the direction 
and control of PTF's, and dispatched troubleshooting teams. 
Isolation of a faulty component will often require the 
application of previously mentioned test and monitoring 


procedures on the "out of service" circuit. 
d. Circuit Restoral 


A degraded or failed circuit is restored by 
substitution of a spare equipment or media for the failed 
component, re-routing by changes in connectivity, applica- 
tion cf line conditioning to correct an out of tolerance 
condition of one or more of the circuit properties, and/or 
actual on-line repair of the failed or degraded component. 
Following any restoral action, however minor, the TCF will 
verify that the restored circuit functions properly prior to 


its return to service. 
e. Circuit Status Reporting 


The technical control facilty will maintain 
circuit; status; and activity logs; routing and traffic 
diagrams, etc. in accordance with DCA standards and locally 
approved instructions. The reporting and coordination 
between the TCF, the local OSCC, and other senior, adjacent 


and subordinate TCF's will be accomplished through dedicated 


94 


order-wire circuits using automatic (telemetry) or manual 


techniques. 


B. SUMMARY STATEMENT OF THE NEED 


Need 1: Near Term (1987-1990) 


Determine what systems and/or equipments are 
required to meet the needs of near term hybrid 


analog/digital technical control in the LFICS. 
Weed 2: Long Term (1991+) 


Determine what systems and/or equipments are 
required to meet the needs of long term all 
digital technical control in the LFICS. 


m a io, 
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The basic assumption throughout this study discussion 
was that the existing technical control facility, AN/TSQ-84, 
would either prove to be totally inadequate for the mission 
or it would be clearly inferior to other existing,  devel- 
oping or new start facilities. The following is a summary 
of the study findings relative to the needs and the applica- 


bility of the AN/TSQ-84 and other equipment alternatives. 


C. APPLICABILITY OF THE AN/TSQ-84 FACILITY 


Objective 3: "Determine to what extent the AN/TSQ-84 
can accomodate the digital functions; and, if deficient in 
digital TECHCON functioning, determine modifications to the 
AN/TSQ-84 which would satisfy these requirements or identify 


alternative solutions." 
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A systems analysis approach was undertaken: introduc- 
tory and background information was examined, the needs were 
identified (as above), alternative solutions were 
constructed, these alternatives vere scored, and a decision 
process was employed. The result is a prescriptive solution 
to the requirement for an upgrading of  LFICS technical 
control capabilities in both the near and long tern. 


Contrary to the basic assumption, the existing technical 
control facility, AN/TSQ-84, remains a highly effective TCF 
when employed in the performance of technical control proce- 
dures and tasks. It can provide continued level «2» analog 
services and also provide level «1» digital services!" for 
those circuits which are compatible with  26-pair,  WD-1/TT 
"Slash Wire", Or WF-16/TT media (generically: “twisted 
pair"). This includes nearly all of our planned near and 
long term user terminal equipment. It was noted in earlier 
discussion that all transmission media are analog devices 
whether the data being transmitted is analog or digital. 
The required monitoring, test, measurement and conditioning 


of analog media remains within the capability of the 


AN/TSQ-84. Also mentioned earlier were digital circuit 
monitoring and test procedures using “eye patterns" 
(Ref. 21] which employ only an oscilloscope such as 


currently available in the AN/TSO-84. 


Conclusion 3: Applicability of the AN/TSQ-84 


The AN/TSQ-84 can continue to provide complete manual or 
semi-automatic analog service (Level <2>), and limited 
manual digital service (Level <1>) for "twisted pair" 


01057177125, 


!l"These leveis of service are defined in the preface 
glossary and in detail in Chapter IV. 
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D. ALTERNATIVES TO THE AN/TSQ-84 FACILITY 


Beyond these capabilities, the AN/TSQ-84 would require 
limited modifications. As discussed in Chapter IV, an 
initial step toward improvement of the AN/TSQ-84 would be 
the AN/TSO-84 (M1). The "-84(M1)" would have interface modi- 
fications (internal or external) to allow connectivity of 
coaxial and fiber optic cable systems (most important for 
connection to the AN/TTC-42 and other TDM systems). An 
additional improvenment, the "-84(M2)" would include digital 
monitor, test, measurement and diagnostic equipment for 
application on the digital data circuits as well as the 
existing analog capabilities. At this final stage, the 
AN/TSQ-84(M2) becomes a viable alternative in the absence of 
other solutions. However, none of these solutions, the 
AN/TSC-84, Mi, or M2, provide the required encryption, 
multiplexing, buffering, etc., that is required of a full 


capability, central technical control facility. 


There are existing or planned alternatives to the 
AN/TSQ-8U variety which are in production and/or in the 
design phase. Additional detail on these other service 
solutions to digital technical control in provided in 
Chapter V, and in Appendix C. It was concluded in Chapter V 
that there were twelve alternative methods of meeting the 
needs of analog/digital and all digital technical control in 
the near and long term. These methods involve various 
mixtures of both equipment18 and capabilities and are formu- 


lated as follows: 


. l8The AN/TTC-42 (Enhanced) is ELE enployed as 
Switching equipment. When mentioned in an alternative, it 
is being employed also aS a limited technical control 
facility. (Ref. 19] 
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Alternative "1": AN/TIC-39A replaces the AN/TTC-42 8 
AN/TSQ-84 (Fig. D.4). 


Alternative "2": AN/TTC-42 (Enhanced) replaces the 
AN/TSQ-84 (Fig. D.4). 


Alternative "3"; AN/TTC-42 (Enhanced) and an analog 
MDF (Fig. D.5). 


Alternative "4": AN/TTC-42 (Enhanced) and a hybrid 
analog/digital MDF (Fig. D.5). 


Alternative "5": AN/TIC-42 (Enhanced) and AN/TSQ-84 
(Fig. 96172 


Alternative "ou AN/TTC-42 (Enhanced) and 
AN/TSQ-8U (M 1) (E19: 0.6). 


Alternative ye AN/TTC-42 (Enhanced) and 
AN/TSQ-84(M2) (Fig. D.6). 


Alternative "8": AN/TSQ-8UA replaces the AN/TSQ-84 
(Pugs Deo. 


Alternative 10 9182 AN/TSQ-84A (M1) replaces the 
AN/TSQ-84 (Fig. D. 6). 


Alternative "10": AN/TISO-884A (M2) replaces the 
AN/TSQ-84 (Fig. D.6). 


Alternative "11": AN/TSQ-111 replaces the AN/TSQ-84 
(ED e 


Alternative "12": AN/TSQ-xxx replaces tne AN/TSQ-84 
(Eide Dd) 
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E. CONCLUSIONS AND RECOMMENDATIONS FOR THE NEAR AND LONG 
TERA 


The above alternatives were scored (ranked) along 
several criteria which were developed and related to both 
the near and long term situations. Applications of multi- 
criteria decision theory and non-parametric statistics were 
utilized to construct several ordered solution sets. The 
conclusions drawn from the analytical intersection of these 
results clearly indicate the preferential ordering of 


choices as stated in the following recommendations: 


1. Near Term Recommendation 








The results of the decision analysis show that the 
best choice for the near term (1987-1990) is to employ the 
AN/TTC-42 (Enhanced) together with the 
AN/TSC-8U (Alternative "5"). 


A second choice is either to utilize the 3 TTC-42 
alone as a combined switching/technical control 
facility (Alternative "2") or to use it together with an 
analog MDF (Alternative "3"). This either/or situation 
results from an exact tie in one of the four decision 


techniques. 


A third choice is to employ the  TTC-42 with the 
modified AN/TSQ-84(M1) (Alternative "6"). 


Conclusion 3: Near Term (1987-1990) 


The above discussion of near term alternative 
choices restated simply in terms of preferential crdering 
is: 


(AN/TTC-42 aná 


> AN/TTC-42 or 
AN/TSQ-84) ৰ 
> 


(AN/TTC-42 and 
AMDF) 


(AN/TTC-42 and 
AN/TSQ- 84 (M1) ) 


VVVV 
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Recommendation 3: Near Term (1987-1990) 


Enploy the AN/TTC-42 as a combined SW/MPLX/TCF for 
most digital circuits together with the AN/TSQ-84 
as the TCF for all analog and few digital 


| circuits (Alternative "5"). 


2. long Term Recommendatio 


A er le eee — -"- "-" 2৮% | 
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The selection of the long term technical control 
facility is dependent con the near term choice. Since the 
recommended course of action for the near term is to imple- 
ment the AN/TTC-42 with the AN/TSO-84 (Alternative "5'), the 
alternative choices Lor the long term 
are: 12 > 11 > 5 > 7] > 6 (see alternatives listed above). 
Alternative "2" was also in tke long term ordered solution 
set but it is of lesser capability than "5" so it is elimi- 


nated from consideration. 


Conclusion 4: Long Term (1991+) 


Considering the above discussion of the effects of 
dependency, and using only the three most preferred alterna- 
tives, the long term choices are restated in terms of pref- 
erential ordering as: 


AN/TSQ-xxx > AN/TSQ- 111 ^ (AN/TTC-42 and 
> > AN/TSO-84) 
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Recommendation 4: Long Term (1991+) 


Develop the "new start" facility, AN/TSQ- xxx 


———— — À——  — T 


| (Alternative "12") for use in the long term. 
— 


F. APPLICATION OF DECISION THEORY IN SYSTEMS ACQUISITION 


This study presented several alternative solutions to 
the near term problem of hybrid analog/digital and long tern 
all digital technical control. Then, through an application 
of multi-criteria decision theory and non-parametric statis- 
tics, developed an orderly choice from among these alterna- 
tives. This process was relatively free from the typical 
underlying estimates used in cost and operational effective- 
ness analysis (COEA) type studies which are designed to 
compare and select from among competing systems. In the 
opinion of the author, the general application of the deci- 
sion techniques outlined in this study are more appropriate 
than a  COEA. This is especially true during the earlier 
systems engineering functional description phases in the 
conceptual stage of the system acquisition process. If we 
implement these decision theory techniques in parallel vith 
existing procedures and evaluate their performance in actual 
systems acquisition, it is likely that the stability and 
robustness of the qualitative multi-criteria decision theory 


approach would be proven. 


Hypothesis 1: Decision Theory vs. COEA 


It is hypothesized that the decisions made with the 
techniques described in this study are as good and equally 


consistent over time as the more rigorous results from 
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studies involving COEA's and other strictly quantitative 
techniques. If this hypothesis is accepted, these more 
qualitative techniques would be preferred as they require 
less "up front" quantitative estimation and aggregation than 


the other techniques. 


Recommendation 5: Decision Theory vs. COEA 


It is recommended that the Marine Corps adopt an interim 
policy of concurrent use of general qualitative multi- 
criteria decision theory in the earlier, systems engineering 
and conceptual stages of the system acquisition process. 
Then, if appropriate, following a suitable period cf compar- 
ative analysis, substitute the exclusive use of these quali- 


tative techniques. 


10 2 


COMMUNICATIONS CONTROL FUNCTIONS AND TERMINOLOGY 


1. USMC - FMFM 10-1 
System Control (SYSCON) 


System Control (SYSCON) is a method of managing communi- 
cation resources for the effective and economical utiliza- 
tion of personnel and equipment. It includes the continuous 
planning, engineering, determining of requirements, restora- 
tion policies, and centralized direction necessary to attain 
and operate a responsive telecommunication system. SYSCON 
is subdivided into the two functional areas of system plan- 
ning and engineering (SPE) and operational system control 
(OSC). 


System Planning and Engineering Element (SPE) 


System planning and engineering is a function of the 
CEO's office. This function plans for the communication 
system by determining the number of circuits needed; deter- 
Dining circuit routes; and designing switching and OSC 
centers, technical, and other facilitieS aS appropriate. 
Engineering is required to perfect these plans by precise 
determination of quality and quantity and determining 
specific utilization of equipment. The SPE emphasis is 
primarily directed toward the non-Defense Communication 
System (DCS) circuits of the command, but assistance may be 
reguired in providing detailed information to the regional 
Defense Communication Agency (DCA) organization for those 
DCS circuits which support the command. The major func- 


tional responsibilities of the SPE are: 
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The preparation and dissemination of general policies of the 
commander for the operaticn and usage of communications 


within his command. 


The preparation and issuing of detailed instructions for 
usage of communications systems and equipment within 


the command and by subordinate units. 


Maintaining continuous contact and liaison with other 
elements of the commander's staff to assure complete 
awareness of the continuously evolving plan of opera- 
tion and the resulting communication requirements and 
the coordination with the communication staffs of 
friendly andallied forces in the tactical area of 


responsibility. 


Planning and engineering the overall configuration of the 
command's communication network including the general 
locations of multichannel terminals, cable routes; 
points of interface with other systems; use of indige- 
nous facilities; radio net structure, relay and retran- 
smission sites; frequency requirements and allocations; 
and alternate means of communications such as motor- 


cycle messengers. 


The preparation and issuing of directives of the implementa- 
tion of changes in network configuration, connectivity, 
or routing which may be neccessitated by unit displace- 
ment, modifications of unit missions, unsatiStactory 


system perfcrmance, or other reasons. 


The continuous review of system status and of the perforn- 


ance of communication eguipment and personnel. 
The preparation and updating of contingency plans. 


Maintaining the data-base information for SPE. 
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The preparation of reports on communication operations and 


Baintenance of historical data and files. 


Informing the commander and his staff of the communication 


situation. 
Operational System Control (0SC) 


The principal function of OSC is to ensure that all 
available circuits are used to the best advantage to fulfill 
the requirements of dynamic communication systens. The OSC 
staff is responsible for the day-to-day operation of the 
system and compilation of statisticsand reports for use in 
long-range pianning. The staff will be the S-3 and his 
assistants in the communication unit, as appropriate. The 


major functional responsibilities of the OSC are: 


The preparation and issuing of detailed directives and 
instructions to subordinate communication units for the 
implementation of communication plans and the supervi- 


Sion of their execution. 


The monitoring of system performance and coordination of 
actions required for restoration of system outages, 
including coordination with senior, subordinate, and 
adjacent operational system control centers (OSCC's) as 


applicable. 


The ccllection and analysis of traffic data, service 
complaints, and outage reports to identify and correct 
System inadequacies, procedural deficiencies, and other 
sources of problems, and to provide SPE with these 


analyses. 


The preparation and distribution of information essential to 
the use and/or operation of the systen, including 


directories, call signs, etc. 
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Maintaining system records and historical data, and 


rendering reports as required. 


Making recommendations to SPE for corrective actions when 
the resources available to OSC are insufficient to 


provide satisfactory communication service. 


The direction, via the OSCC, of the local technical control 
facility (TECHCONFAC) and the receipt of circuit infor- 
mation from the TECHCONFAC. 


Operational System Control Center (OSCC) The OSCC is the 
activity, subordinate to the OSC staff, which maintains 
current information on the availability and operational 
readiness of communication resources. It controls, within 
prescribed parameters, the utilization of these resources to 
ensure maximum communication support to authorized users in 
accordance with established priorities. In controlling 
communication system operations, it gathers data required 
for management and control decisions. The OSCC is under the 
cognizance of tne communications-electronics officer. The 


major functions of the OSCC are: 


Implement and control the entire telecommunication system as 


one cohesive yet flexible entity. 
Maintain current status of all circuits. 
Provide reliable communication support for the command. 


Supervise and make emergency adjustments to the existing 
communication system and act aS a point of contact for 
the installation and maintenance of all transmission 
and terminal means and electrical power sources related 


to the circuits controlled by its facility. 


Maintain data and records of the communication systen. 
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Technical Control (TECHCON) 


Technical control is the means of exercising centralized 
technical supervision over the installation, operation and 
maintenance of selected semipermanent circuits employed by 
organic and communication agencies and by other authorized 
subscribers. It provides for common interface between a 


medium and a user and between media. 


The technical control facility (TECHCONFAC or TCF) is the 
agency established by organizatins that require a means for 
exercising centralized technical supervision over the 
installation, operation and maintenance of selected circuits 
employed by organic command, control and communications 
agencies; terminal equipment; and dedicated subscribers. It 
is the common facility which provides for interface between 
the terminal means employed by these users and the means 
providing the required signal paths to distant locations. A 
TECHCCNFAC may be organized along functional lines to 
provide for continuity in its operation. It operates under 
the ccgnizance of the CEO/COMMO, supported by an appropriate 


number of watch sections. 


The scope of a  TECHCONFAC's operation is generally 
governed by the number and type of control and communication 
agencies, and other authorized subscribers which rely on 
this facility for the performance of selected circuits. 
Initially, The TECHCONFAC will operate to assist the imple- 
mentation of the communication plan. Additionally, its 
operation will be influenced by the immediate technical 
arrangement of its facility and the wire and radio means 
available to provide the required signal paths. The 
majority of its functions require that it have some means 
for gaining access to the circuits that pass through the 


Facility. Depending on the level of operation and the type 
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of supervision required, a technical control facility may 
employ equipment associated with manual techniques or 
complex machine-oriented devices which provide for moni- 
toring, performance testing, signal conditioning, circuit 
rerouting, and similar services. The effectiveness of a 
technical control facility may be measured by its ability to 
provide circuits of good quality, and to limit degradation 
of those circuits due to manmade or natural causes. The 
following functions do not elaborate on the numerous 
detailed procedures required for centralized supervision 
over the operation and maintenance of selected semipermanent 
2] 20] sic They are presented to emphasize principles and 
techniques for effective operations and may be modified to 
satisfy local requirements. The major functional responsi- 
bilities of a TECHCONFAC are:!9 


Supervise analog and digital transmission circuit quality. 


(Monitoring) 


Coordinate with senior, subordinate and adjacent technical 
control facilities in the exercise of technical super- 
vision and control over common internodal circuits. 
(A11) 


Coordinate, supervise and control the employment of trouble 


teams. (Isolation, Restoral) 


Provide for the activation and deactivation of circuits as 
directed by the local SYSCON (OSCC). (Connectivity) 


Analyze (quantitatively) all properties and impairments 
involved in circuit interruptions, or disturbances due 


to manmade or natural causes. (Monitoring, Isolation) 


19These functions are extracted from FMFM 10-1, pp. 3-16 
63S The are amplified and categorized by the 5 general 
functional areas of Tabie 1 in O their app 
ই to the discussion of LFICS in tne main text of this 
study. 
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Direct the use of appropriate troubleshooting procedures, 
within the primary TCF, and through remote locations, 
to detect and isolate faulty terminal equipment (DTE), 
communications equipment (DCE), and circuit signal 
media. (Isolation) 


Substitute equipment by patching, re-connection or appro- 
priate coordination with remote communications facili- 
ties as directed by the operational system control 
center (OSCC). (Restoral) 


Maintain the capability to establish alternate Signal paths 
when primary paths are disrupted. (Connectivity, 


Restoral) 


Maintain files and circuit logs in accordance with Defense 
Communications Agency (DCA) regulations and applicable 


local instructions. (Reporting) 


Maintain circuit and traffic diagrams in accordance with 
Defense Communications Agency (DCA) regulations and 


applicable local instructions. (Reporting) 


Maintain liaison with control and communication agencies 
(radio terminals; switching and communication centers) 
and other authorized terminal subscribers pertaining to 
the performance of nodal and network circuits and 


equipment. (Monitoring) 


Ensure compliance with restoration priorities in accordance 
with Defense Communications Agency (DCA) regulations 


and applicable local instructions. (Restoral) 


Maintain liaison with the OSCC pertaining to the avail- 
ability and status of all circuits serving the node. 
This requires timely reporting of outages and progress 
of restoration efforts. (Monitoring, Restoral, and 


Re porting) 
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2. USA - FM 240-22 (Joint Terminology for JTC3A Systems) 


This information is extracted from FM 24-22 [Ref. 27:3 
Chapters 2 and 7]. It is provided to relate the common 
usage USMC communication control terminology to the newer, 
joint service terminology. The summarized functions of the 
various control elements are included for comparison with 


the above. 
Communications System Planning Element (CSPE) 


The CSPE is equivalent to the SPE above. The description 
of CSPE is: 


Staff function. 

Long range planning. 

Detailed engineering. 
Communications System Control Element (CSCE) 


The CSCE is equivalent to the SYSCON (OSC) above. The 


CSCE is described as: 
Dynamic control. 
Realtime operations. 
System focal point. 
More specifically, the functions of CSCE are: 


Implementation and installation. prepares installation 
orders to subordinate elenents (CNCE) which will imple- 
ment CSPE planning/engineering action for: installa- 
tion, restoration actions, and priorities; general site 
locations; radio antenna orientation; quantity and 
distribution of essential access and trunking circuits; 


modifications to communications links; interface 


facilities; switching, store and forward, and trunking 


equipment. 


Monitoring. Maintains, analyzes, and displays system status 
information, including: traffic data; system and 
equipment performance data; equipment restoral status; 


grade of service; outages and backlog situations. 


Traffic control management. Assures effective customer 
service through control measures such as: routing 
Changes; truck barrings; line load controls (minimize); 


trunk and link directions; control of queues. 


Iransmission system routing control. Insures best use of 
resources through: reallocation of satellite and 
airborne rado relay channels; allocation of dedicated 
circuits; internodal routings; determination of number 
and distribution of trunking circuits; restoration 


priorities. 
Reporting Assembles staff guidance for the commander. 


Records keeping. Initiates, maintains, and retains the 


information which comprises the C-E data base. 
Management of COMSEC resources including keying material. 


Directory control. The updating and publication of directo- 


ries, routing guides, etc. 
Communications Nodal Control Element - Management (CNCE-M) 


The CNCE-M is equivalent to the SYSCON (OSCC) above. The 
CNCE-M is the direct arm of the commander and replaces the 
facilities control function. The CNCE-M 1S primarily 
responsible for records and reports, accounting,  coordina- 


tion of communications requirements, and management of the 


communications equipment support elements (CESE's). 
Communications Nodal Control Element - Technical (CNCE-T) 


The CNCE-T is equivalent to the TECHCON above. The 
CNCE-T has direct control over circuitry and replaces the 
technical control function. It has all the required 
resources to perform technical supervision of communications 
media and equipment, to restore lost or degraded services, 
to accomplish continual quality assurance of installed 
circuitry, and to initiate new services on receipt of proper 
orders (TS0).29 It also provides technical information to 
the CNCE-M for records and reports concerning installed 


circuits and systems. 


For maximum efficiency, the CNCE-M and CNCE-T are 
co- located. When these elements are not co-located, the 
problems encountered in coordination, transfer of informa- 
tion, and response materially degrade the over-all C-E 
systen. 


Communications Nodal Control Element - General 
The general functicns of the combined CNCE are: 


Management and technical direction. Exercises maragement 


and technical supervision over subordinate activities 
and CNCE's. 


Implementation ard execution. Responds to directives from 


the controlling CSCE. 


Line circuit conditioning and interface with C-E systems. 
Provides equipment necessary to condition analog and 
digital circuits for best performance. Provides inter- 


face for direct current (dc) circuits, voice frequency 


20TSO - telecommunications service order. 
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circuits,  dc-to-vf conversion, and anaolog to digital 


conversion, etc. 


Activation and deactivation of circuitry. Complies with 
CSCE orders. Directs subordinate activities and 
Subscribers to execute orders. Coordinates with other 


CNCE's. MOnitors circuit activation and deactivation. 


Technical coordination to accomplish quality assurance 
programs. Modifies or corrects circuit configuration 
and coordinates changes with CSCE. Tests instaliations 


of subordinate  CESE'*s for adherence to established 


standards. 
Maintenance of systems standards. Conducts in-service and 
out-of-service quality control tnrough performance 


monitoring and testing. Conducts fault isolation on 
intranodal, internodal, and extension facilities (DCS, 
allied, commercial transmission systems).  Refers fault 
isolation findings and corrective actions to  appro- 


priate subordinate activities. 


Rerouting and restoration of circuits, groups, and systems; 


updates nodal records to reflect all changes. 


Reports and reporting. Receives reports and takes the 
necessary action in the areas of activation and deacti- 
vation (TSO), resource commitments, trouble conditions, 
performance data, test results, and facility status. 
Sends reports to th econtrolling CSCE and to appro- 
priate subordinate CESE's concerning activations and 
deactivations, trouble status, coordination with other 
CNCE-T's, equipment Status, performance data, testing 


data, and system status. 


Records keeping. Records are maintained for the current 


deployment aS opposed to the comprehensive data base 


maintained by the CSCE. The records include: 
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Circuit records with orders and technical directives 
regarding circuit connectivity  (TSO), electrical 
and physical connections at the CNCE nodal facili- 
ties for which it is technically responsible, and 
the availability of circuits at the node are 


necessary for real-time operation. 


System and circuit status records of all systems and 


Circuits terminating at the node. 
Nodal data base update (directcries, etc.) 
Communications Electronics System Elements (CESE) 


The CESE's are the hardware oriented operating elements 
of the communications system which have limited capability 
to detect, diagnose and fault isolate within their portion 
of the system. Some typical examples of CESE's are: multi- 


channel radio terminals, circuit and message switches, etc. 


3. USA - FM 11-486- 19 


The FM 11-486-19 (Ref. 28: pp. 5-20, 5-21] states, in 
general, that: 


". . . Control and Management is provided 208 tech- 
nical control facilities TCFs) or patch and test facili- 
ties  (PTFs) which offer, the following five basic 
functions: patching, coordination, testing, monitoring, 
and reporting." 


It further states that: 


"TCFs are placed where they can provide the reatest 
control over communications system operation; that 1S, 
Switching centers, nodal points, etc." 


This FM defines the general functions of 
control as: 


Circuit performance status reporting. 
Equipment performance status reporting. 


System performance analysis. 


Fault isolation, including analysis of trends. 


Selection of alternative routes. 
Circuit restoration. 
Record keeping and reporting. 


it also describes the functions of an automated 
contrcl (ATEC) facility as: 


Monitor critical equipment operations alarms 


be indications of conditions leading 


technical 


technical 


which may 


to cata- 


strophic failures, such as power supply output 


voltage, loss of baseband pilots, transmission 


line deterioration, etc. 


Perform in-service tests on a continuous basis while 


system 1S in operation and without 


disrupting 


service. Such tests include received signal 


levels, pilot tone levels and stability, trans- 


Ditter output power, quality assurance (QA) noni- 


Coring, etc: 


Perform out of service tests, which necessarily takes 


the system or parts of it out of regular service 


for the duration of the tests. Such tests 
includegroup/supergroup/baseband noise loading, 
link loop-backs, etc. However, many out of 


service tests--such aS measurements of 


test tone 


level, idle channel noise, phase jitter, and 
frequency distortion--can be conducted using spare 
or idle channels. The imbedded ATEC computer can 
recognize and Seize idle channels for this 


purpose. 


Recognize, organize, record, analyze, and report test 


results. 


Prepare required logs and reports. 
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APPENDIX B 
A/D CIRCUIT PROPERTIES AND IMPAIRMENTS & LFICS SIGNALS 


This appendix contains both a summary of analog/digital 
Circuit properties and impairments, and of the LFICS equip- 


ment signal interface characteristics. 


1. Analog/Digital Circuit Properties and Impairments 


It is important to distinguish between the often confused 


terms: circuit properties and circuit impairments. 


The properties of a circuit are constant characteristics. 
While they may be unigue across circuits, they are essen- 
tially linear (e.g.: a function of distance travelled) and 
steady-state (not time dependent). The properties which are 


inherent in a circuit upon installation, accordingly, remain 


constant at all times. Some examples of circuit properties 
are: gain, amplitude distortion, delay distortion, and 
return loss. Because these properties are regular and 


predictable, they can be compensated for by the application 


of corrective measures, or "conditioning." Appropriate 
corrective measures for the above would be: attenuation, 
line equalization, delay equalization, and amplification 


(respectively). 


Impairments fall within the general classifications of: 
hits, noise, jitter, and several types of distortion. Hits 
and noise are the most disruptive in a digital data environ- 
ment as a digital bit stream is typically disrupted beyond 
any capability for error recovery other than complete 
retransmission. Their sources can be either 


natural (moisture, solar energy, i gnening, ..-.) Or 


manmade (static, electro-magnetic pulses, ...) and they are 
somewhat unpredictable and erratic. Since they occur inter- 
nittently, they are difficult to "capture" and quantify 
therefore difficult to characterize. They cannot be over- 
come by conditioning and therefore must be tolerated to some 


degree. 


The following paragraphs contain more specific circuit 
properties and impairments. Each is referenced to its 


source document in the literature. 


Voice frequency impairments from Fredrick [Ref. 29: p. 88b]: 


Continuity and loss, C-message noise, C-notched noise, 
impulse noise, phase hits, gain hits, signal drop- 
outs, intermodulation distortion, phase jitter, 
peak-to-average ratio (P/AR), envelope delay, and 


attenuation distortion. 


Analog impairments from Bradley [Ref. 30]: 


Additive impairments: background noise, impulse noise, cros- 


Stalk, and single-frequency interference. 


Frequency division multiplexing impairments: phase jitter, 
phase hits, frequency translation, erratic 
primary-frequency supply, amplitude jitter, ampli- 


tude hits, and dropouts. 


Pulse code modulation impairments: quantizing distortion, 
harmonic hits, timing jitter, timing bias, 
"aliasing" products (from 8 KHz sampling rate), 


and compandor mistracking. 


Distortion: harmonic, and nonlinear. 


Digital circuit impairments from FM 11-486-13 (Ref. 31: 
Chapter 7]: 


Random transmission impairments: white noise, impulse 
noise, crosstalk, intermodulation noise, echoes, 
radio propagation fading, circuit interruption, 


phase changes, and phase jitter. 


Systematic transmission impairments: path loss variations, 
nonlinear attenuaticn-frequency Characteristic, 
delay distortion, harmonic distortion, frequency 
offset, bias distortion, Characteristic distor- 


tion, and timing jitter. 


Performance parameters as enumerated by Shoemaker in his 
thesis [ Ref. 32: pp. 54-127]: 


Level: loss, return loss, long term loss variation, attenua- 


tion distortion, bandwidth, and baseband loading. 


Noise: signal uncorrelated difference, impulse noise, 
Single frequency interference, and quantizing 
noise. 

Distortion: envelope delay distortion, peak- to-average 
ratio, nonlinear distortion, incidental distor- 


tion, phase intercept distortion, freguency shift, 
phase jitter, incidental amplitude modulation, 


phase hits and gain hits, and dropouts. 
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Additional analog and digital circui t characteristics and 
their threshold levels are found in the MHMIL-STD- 188-200 


series for tactical systems. 


2.  LFICS Signal Characteristics 


In his paper, Huebner provides a concise diagram summary 
of ULCS interconnectivity and explicit introduction to the 
diversity of LFICS signals (Ref. 33: p. 42]. The technical 
control facility must provide an interface for the intercon- 
nection of these media, and an appropriate suite of terminal 
and test, measurement and diagnostic equipment compatible 
with the various signal formats and rates. This information 
in the following is drawn primarily from (Ref. 2]. These 
characteristics are stated from the viewpoint of the main 
distribution frame (MDF) and form the basis for further 
examination of technical control interface requirements. 
The signal media, format and rates are summarized in 
Table 14 below. Stallings [ Ref. 52 p. 46] provides the 
maximum data rates and bandwidths for the various media 
while the conditioned diphase signal format is explained 


quite well by Kirsch in his paper (Ref. 34: pp. 1613-1614]. 
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TABLE 14 
LFICS MEDIA AND SIGNAL CHARACTERISTICS 


Circuit Media, Capacity and Bandwidth 


[en SS Se ee = GA: A: = Ss qm» aa 


26-pair, Eo ur Cable CX-4566 
1 Mbps, 250 kHz 


Coaxial Cable, CX-11230 
500 Mbps, 350 Mhz 
Fiber Optic Cable, CX-( ) 
1 Gbps, 1Ghz 
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Signal Format and Rate 


Analog Voice, 2-W or 4-W, 
(300 33 400 Hz) 


Digital Voice, 4-W, LPC or CVSD, cond. diphase, 

(2.4 Kbps or 16/32 Kb ps resp.) 
Digital Data W, cond. diphase, 
(6,32 Kbps) 


Digital Channel Group, cond. acer TDM 
6/12/28/.. 796 chan at 16 Kbps each, 
(96 715 273847... /11 52 Kbps per group resp.) 
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APPENDIX C 


SUMMARY OF TECHNICAL CONTROL ALTERNATIVE EQUIPMENTS 


The majority of the material for this appendix was drawn 
from the USMC Command and Control Master Plan [Ref. 2: 
Appendix D] and Jane's [{Ref.j 36: 446-448]. Certain specific 
information for the AN/TSQ-84 was obtained from its tech- 
nical manual [Ref. 35: Chapter 1], and information for the 
AN/TSQ-111 was found in Martin-Marietta promotional 
literature (Ref. 12: p. B-2]. 


1.  SB-4097/U Communications Patching Panel (Analog MDF) 


The SB-4097/U is a simple analog main distribution frame. 
It has the capacity for (12) 26-pair cable connections for a 
total of 312 2-W terminations 156 in, 156 out). It has no 
inherent test or monitoring equipment. 


2.  AN/TSQ-84 Technical Control Facility 


The AN/TSQ-84 is the coordination center for most analog, 
technical, communications control actions and is used to 
monitor, test, re-assign, and restore circuit service. Dt 
provides facilities for interconnecting, monitoring and 


testing voice frequency (VF) and data circuits in use vithin 


a tactical area communications systenm. Externally, facili- 
ties are provided to connect 432 individual 4-W VF 
circuits (216 in, 216 out). External connections are also 


provided to connect orderwire/alarm and intercommunication 


Circuits from peripheral equipment. Limited local communi- 
cations can be connected using WD-1/TT "slash wire." Within 
the AN/TSQ-84, interconnection is accomplished by 
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nornalling-through and by patching. Interface equipment is 
installed to permit interconnection with the Defense 


Communications System (DCS) and with commercial systems. 


Test equipment and monitoring facilities for circuit 
quality control are included. Suitable communications 
equipment is included to provide for the functions of 


liaiscn, reporting and administration. 
The technical characteristics of the AN/TSO- 84 are: 


a) Power Requirements:  115/230V ac, 50 to 60 Hz 3-wire, 


single-phase; consumption is approximately 8.1 KW. 


b) Connectivity: (72) connections for 26-pair assault 


cable (twelve 4-W circuits each). 


c) Patch Panels: Main Distribution Frame (MDF), Monitor 
Patch Panel, Rapid Patch and Test Panel. 


d) Line Conditioning: (48) variable attenuators, (18) 
LA-1R line amplifiers, (9) TA-957/G delay line 
equalizers. 


e) FSK Equipment: (1) TH-22/G, high level space TTY 


equipment. 


f) Special Communications: (6) 26-paic connectors for 
orderwire/alarm; (2) 26-pair connectors for control 
communications; (4) binding posts for interccmmunica- 
tions; pair 25 and 26 of each cable used for intercom 


corcuxzts. 


g) Operator's Communications Equipment: (2) 5g-22/PT 
manual switchboards; Telephone, TA-312/PT; Telephone, 
TA-341/TT; (2) LS-147/FT intercoms; 20-Hz ring gener- 
ator, TA-248A/TT. 
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h) Test Equipment: TTY Test Set, AN/GGM-15 (V) ; 
Oscilloscope, AN/USM-296A; Spectrum Analyzer;  Halcyon 
Multi-purpose Analog Test Set; Decibel Meter; 
Amplifier Interface Test Headset, AM-6789/G. 


i) Physical Characteristics: standard S-280/G shelter; 
cube is 615, weight is 5800 lbs. 


In summary, the AN/TSQ-84 iS a manual or semi-automatic 
technical control facility. Connectivity is manual; and 
test and monitoring is manual or semi-automatic (series of 


tests by multi-function Halcyon test set). 


3. AN/TSO-84 (M1) Modified Interface 


The AN/TSQ- 885 (M1) is identical in form and function to 
the above with the exception of the additional interface 
capability with both coaxial and fiber optic cable systems. 
This modification to the existing 26-pair interface can take 
the form of external oor internal  CV-( ) devices which 
accept coaxial or fiber optic cable input, and deliver 
26-pair compatible signals on the output; or actual hardware 
modification incorporated into the TCF shelter or MDF. An y 
power required could be provided by the TCF or local MEP. 
Note that these devices do not provide for encryption, buff- 
ering, multiplexing, etc., only the physical, electrical 
interface and conversion necessary  (e.g.: light to elec- 


trical) to match coaxial or fiber optic cable to 26-pair. 


4. AN/TSQ-84 (M2) Included Digital Test Capability 


The AN/TSQ-84 (M2) has all of tne features of the 
AN/TSC-84, -84(M1) and includes the addition of a limited 
suite of digital test, measurement, and diagnostic equipment 
(TMDE). This enhancement could include such TMDE as: BER 
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tester, bit pattern generator, digital line conditioning 
equipment, etc. Note that this does not include encryption, 
buffering, multiplexing, etc. With this upgrade, the 
AN/TSQ-84(M2) becomes a viable Level <2> TCF for use in 
analog and digital environments. 


5. AN/TSQ-84A (Upgraded) Kit 


The AN/TSQ-84A isa Communications Technical Control 
Center based on the AN/TSQ-84 (see above). The AN/TSQ-8U4A 
includes all of the capabilities of the AN/TSQ-84 for inter- 
connecting, conditioning, testing and monitoring any of 
the 432 4-W VF circuits but with an additional specialized 
kit. The primary purposes of the upgrade ert, 
OA-8889/TSQ-84, are to provide for automated record keeping 
and to assist the operator in rapidly connecting test equip- 
ment to lines for testing, monitoring and troubleshooting 


tasks. 


The AN/TSQ-84A upgrade equipment kit consists of: 
Minicomputer, Rolm 1602B; Di spla y/Keyboard, HP-2645A with 
integral CRT, keyboard and dual magnetic tape cassettes; 
Monitor/Test Switch; Test Select Unit (TSU); Signal Matrix; 
Line Conditioning Equipment (LCE) Matrix; Three-way, 4-Y 
Resistive Hybrid Bridge; High-Impedance Bridge;  Teletype 
I/O, AN/UGC-74A(V) 33; and High and Low Speed I/O Ports. 


The computer, under program control, performs automatic 
recordkeeping tasks and acts as the controller for operator 
initiated testing or monitoring actions. The magnetic tape 
cassettes allow for program loading, operational program and 
data base storage. An additional feature of the AN/TSO-84A 
is that other TCF*s or communications management and control 


agencies have remote access to the data base. 
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The signal matrix assembly allows the connection of any 
one of the 432 4-W circuits to the test select unit (TSU) in 
either a "bridging" or termination configuration. The line 
conditioning equipment (LCE) matrix permits the connection 
of any circuits directly to the amplifiers, attenuators or 
delay line equalizers. The test select unit (TSU) is the 
interface between the computer's command outputs and the 
signal matrix for selection of the circuit to be tested. 
Test equipment is then connected to the TSU for conduct of 


the desired test or monitoring procedure. 


In summary, the AN/TSQ-84A has the same capabilities as 
the AN/TSQ-84 but has computer assisted test/monitoring 
set-up, automatic record keeping, and remote data base 


access. 


6. Communications Nodal Control Element, AN/TSQ-111 


The AN/TSQ-111 is an element of the TRI-TAC network 
architecture. It is designed to manage communications 
resources throughout a node, monitor equipment and circuit 
quality, detect and isolate faults, and provide the communi- 
cations security (COMSEC) equipment needed for a responsive, 


flexitle network. 


The CNCE is of modular design and can be adapted for 
deployments and communications networks of various sizes. 
It selects the optimal communications path through a 
multiple path grid network and uses available resources to 
accomodate stresses imposed on the network by dynamic users 
needs and by grid disruptions both inside and outside the 


node. 


The AN/TSQ-111 is designed to co-exist with current 


tactical Switching and user terminal facilities. it can be 
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configured to receive, conditicn and retransmit analog data. 
Alternatively, the technical controller can convert the 
analog data to digital data using continuously variable 
slope delta (CVSD) encoders, and transmit it to the user 
terminal for decoding back into analog form. The CNCE can 
accept inventory US Army six-bit pulse code modulation (PCM) 
group data, multiplex this with 3 TRI-TAC channels to form a 
TRI-TAC group, and send the combined group of channels over 
a TRI-TAC transmission system. 


The AN/TSQ-111 also provides bulk encryption and key 
distribution, reports the node's status to higher network 
planning and control elements, and responds to high level 
direction. It automatically and continuously assesses all 
communications equipment throughout the node, provides real- 
time detection of faults in the circuit, and sets up an 


alarm when corrective action is required. 


The principal features of the AN/TSQ-111 for the US Air 


Force systems are: 


a) Digital: (33) external coax connectors, (32) group 
rate modems, (12) group encryption devices, (54) 
digital telephone modems, (24) digital cross connects 


for groups and (862) for channels. 


b) Analog: (30) external 26-pair connectors, (390) total 
MDF appearances, (24) analog to digital ccnversion 


channels, (72) automatic analog test channels. 
The major AN/TSQ-111 subsystems are: 


a) Analog Patch and Test: provides manual patching, line 


conditioning, automatic analog testing, manual 
(backup) testing, monitoring, and routing of all 
Circuits. 
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b) 


c) 


d) 


e) 


£) 


g) 


h) 


Digital Patch and Test: provides line modems, manual 
patching, autcmatic patching (channel reassignment 
function), and automatic testing of all digital 


circuits. 


Fault Detection and Isolation: provides processing of 
internal BITE data, telemetry fault and performance 
data, circuit switch status report data, automatic 
analog test results, automatic digital test results, 
and channel reassignment status to detect and isolate 


faults in the CNCE and other nodal equipment. 


Processor Subsystem: provides processing and storage 
of data, control of automatic testing, automatic 
patching, fault detection and isolation procedures, 
and processing for Contrcller interface with the data 


base. 


Control Subsystem: provides the entry controls and 
display devices for the Man/machine interface between 


the Controller and the processor subsystem. 


Control Communications Subsystem: provides intercom 
and analog voice, digital voice, teletype, and data 
orderwire facilities between the  CNCE and other nodal 
assemblages and between the CNCE and  TCCF equipment 
located at other nodes. 


Timing Subsystem: provides the clock and synchroniza- 
tion functions necessary for maintaining bit integ- 
rity, traming, and COMSEC equipment synchronization by 
the various digital devices such as modems, multiple- 


xors, and the channel reassignment function. 


COMSEC Subsystem: provide message encryption as neces- 


Sary for end-to-end secure communications. 
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The AN/TSQ-111 entered production in 1983 and will even- 
tually be deployed at numerous locations throughout the US 
Air Force tactical air control systems to provide ccmmanders 
with management facilities and nodal control. It will 
replace. through attrition, large quantities of obsolete, 
out-of-production analog equipment, including: AN/TSQ-84, 
AN/TCC-72, AN/TCC-62, and AN/TCC-73 multiplex shelters; 
AN/TSC-62 Air Force TCF; and  AN/MSC-32 and AN/MSC-31 plan- 


ning and engineering shelters. 


In summary, the AN/TSQ-111 is the TRI-TAC standard, fully 
automated analog and digital TCF with manual backup 


capabilities. 


7. Unit Level Circuit Switch (ULCS), AN/TTC-42 (Enhanced) 


The AN/TTC-42 (Enhanced) is based upon the AN/TTC-42. 
The AN/TTC-42 is the major circuit switch component of the 
Unit Level Circuit Switch  (ULCS) family. The ULCS are 
designed ror the TRI-TAC system to provide tactical military 
forces with a transportable, reliable, secure and survivable 
automatic communications switch. The AN/TTC-42 is compat- 
ible with the analog switched systems of the 1970's and the 
integrated, digital, secure communications systems of the 
future for tactical air, land and sea forces by providing 
plug-in interchangeable terminations for both scenarios 
under the control of a common computer. The switch will 
Operate with various mixes of digital and analog loops and 


trunks in secure and non-secure modes. 


The AN/TTC-42 provides 150 lines (mixed analog/digital 
trunks and loops) for sole user and switched service for up 
to 144 channels derived from TDM groups. It has a Capacity 
for 7 digital trunk groups (DTG) including 6 with up to 18 
Channels (16/32 kbps) per group and one with up to 72 


12:9 


channels per group. Automatic switching includes: loop-to- 
loop, 1cop-to-trunk, trunk-to-loop, and trunk-to-trunk. The 
AN/TIC-42 is transportable by sea, land and air in a stan- 
dard S-280/G military shelter. The maintenance/supervisor 
position is supported by interactive software and the switch 
features automated fault isolation and software and hardware 
security protection. It has integral COMSEC equipment and 
is designed to withstand nuclear effects. It weighs approx- 
imately 4500 lbs. and requires 3KW prime power. 


The AN/TTC-42 (Enhanced) has the capability to perform 
multiplexing and limited communications technical control 
funct ions. It has an analog and digital patch panel, and 


automatic go/no-go monitoring of channel and trunk groups. 


There are additional engineering change proposals (ECPs) 
which (if approved) will increase the analog capacity of the 
Switch and add test and analog line conditioning equipment 
to enhance the switch's capability in a stand-alone 


environment. 


8. Circuit Switch/Technical Control Facility, AN/TTC-39A 


The AN/TIC-39A combined circuit switch and technical 
control facilty is based on the AN/TTC-39. The basic 
AN/TTC-39 circuit Switch is a 4-W central office exchange 
providing automatic switching services for both analog and 
digital voice and data traffic at all echelons of a theatre- 
levels communications systen. Designed as the nucleus of 
the TRI-TAC communications systen, the AN/TTC-39 interfaces 
with the US AUTOVON and AUTODIN networks, with NATO communi- 
cations systems, and with a wide array of inventory and 
planned TRI-TAC subscribers, switches, COMSEC equipment, 


transmission systems and technical control facilities. 
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The AN/TTC-39 provides fully automatic tandem access over 
a maximum of 426 lines in its single S-280/G shelter config- 
uraticn, and up to 660 lines when housed in two S-280 


shelters. 


The switch is equipped with both analog and digital 
Switch matrices that can be exchanged both mechanically and 
electrically at any time, according to need. Thus as 
tactical communications equipment evolves from the predomi- 
nantly analog systems currently in use to the all digital 
TRI-TAC equipment of the future, the AN/TTC-39 can evolve to 


serve its users. 


The AN/TTC-39A iS an upgrade of the AN/TTC-39 circuit 
Switch to incorporate automated technical control capabili- 
ties. The AN/TTC-39A includes standard equipment components 
from the AN/TSQ-111 automated technical control facility. 
The extent of these modifications and the capabilities of 
the AN/TTC-39A are not specified at this time. 
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FUNCTIONAL AND SYSTEM BLOCK DIAGRAMS 


This appendix contains a functional block diagram of the 
desired technical control facility described in 
Chapter IV (Figures D.1 and D.2), and a generic  LFICS 
node (Figure D.3) which is subsequently referred to in the 


presentation of the various alternatives (Figures D.4 


tO. Dicey). Notice that there is not one figure for each 
alternative. Many o£ the alternatives are similar with the 
exception of the equipment nomenclatures. They have been 


combined into a set of four basic configurations with the 


differences noted in the accompanying text. 


1. Desired Technical Control Facility 


The desired technical control facility described in 
Chapter IV is a fully automated, analog and digital 
facility. In Figure D.1 below, the basic computer suite and 
associated automatic controller are shown. In Figure D.Z, 
the functional block diagram of the entire facility is 
presented. All connections are shown by a Single line, but 
represent multiple paths. There are specific control, 
COMSEC and monitor and test points within the functional 
architecture of the facility which are identified below. 
Note that each patch panel in the facility has a manual or 
"physical" capability. This physical connectivity will 


remain in the absence of power. 


a> - The computer and it's associated controller will 
connect to the facility and its resources at all 
points AX as shown in Figure D.2. There is no implication 
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that all these points are electrically the same, only that a 
controller interface exists. It is also noted that since 
the facility has manual and semi-automatic back-up capa- 
bility, the controller can be disabled with no impact on 
connectivity or any cther functions of the facility. In 
this latter case, actions which would normally be performed 
by the controller automatically, will be performed by the 


facility operator either manually or Semi-automatically. 


\/- Any required applications of appropriate communica- 
tions security (COMSEC) equipment will be made at the points 
identified as \/ in Figure D.2 below. 


o - Finally, and most importantly, the application of 
test, measurement and diagnostic equipment (TMDE) can be 
made at any of the points identified as (৮) for test point. 
Although not ali points are electrically identical, 
provision will be made at each for application of an appro- 
priate array of TMDE. The connections will be made automat- 
ically by the computer and controller, or manually, 
semi-automatically by the operator. Connections will take 
one of four forms: parallel, series, terminal and loop-back 


as required for the particular monitoring or test set-up. 
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Le Generic LFICS Node 


The generic LFICS node shown in Figure D.3 below depicts 
only the essential characteristics of the architecture. 
There are users in three categories: communications 
centers, command and control centers (tactical and adminis- 
trative), and individual subscribers. Their connection is 
shown asa single line but implying many analog or digital 
circuits as appropriate. Likewise, there are numerous 
single and multi-channel radio transmission media consoli- 
dated into the single line shown. The primary focus of the 
alternatives is on the area of technical control and 
Switching facilities which are defined in subsequent discus- 


sion and figures. 
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Figure D.3 Diagram of Generic LFICS Node. 


3. System Block Diagrams of Alternatives 


The primary focus of the alternatives below is on the 


area of technical control and switching facilities. That 
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is, they illustrate which equipment is considered the 
primary technical control facility and how much (if any) of 
the technical control capability is provided by a multi- 
purpose SW/TCF facility. When a switching equipment is 
shown overlapping the boundary between switching functions 
and technical control functions, the explicit statement is 
that it is performing the latter functions to some degree. 
Recall that the ideal Situation is for all circuits to be 
accessible at a central locaticn, a main distribution frame 
(MDF). This is the case in the first two (1, 2) and last 
two (11, 12) alternatives but not the others. The others 
have all analog circuits appearing at the MDF but various 
quantities of the digital circuits appearing relative to the 
capabilities of the TCF. 
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a. Alternatives | and 2 shown in Figure D.4 exhibit the 
configuration if the AN/TTC-39A or AN/TTC-42 (Enhanced) were 
chosen as combined SW/TCF replacements for the AN/TSQ-84. 
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Figure D.4 System Block Diagram of Alternatives 1 and 2. 
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b. Alternatives 3 and 4 both utilized the AN/TIC-42 
(Enhanced) as the primary TCF for digital circuits. In both 
alternatives, all analog circuits are routed through the 
associated AMDF or HMDF. In the latter case, some digital 
circuits will be routed through the HMDF rather than the 
AN/TTC-42. 
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Figure D.5 System Block Diagram of Alternatives 3 and 4. 
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C. Alternatives 5, 6, and 7 use the AN/TTC-42 (Enhanced) 
together with the AN/TSQ-84, -84(M1), and -84 (M2) respec- 
tively. These versicns of the AN/TSQ-84 were described in 
the discussion of alternatives and in Appendix C. 
Alternatives 8, 9, and 10 utilized the same progression of 
increased digital capabilities but with the AN/TSQ-84A 
(Upgraded) as the baseline TCF. In each of the six cases, 
all of the analog circuits are routed through the AN/TSQ-84 
"family" TCF/MDF. The difference between the various alter- 
natives is in the quantity of digital circuits routed 
through the TCF/MDF vice the Switch. 


The AN/TSQ-84 (or -84A) would receive only those digital 
circuits which are compatible with twisted-pair or 26-pair 


cable interface. 


The AN/TSQ-84 (M1) (or 84A(M1)) accepts twisted- 
pair/26-pair compatible circuits in addition to those which 


are compatible with a coaxial and fiber optic interface. 


Recall that the basic AN/TSC-84 (or -84A) and the above 
(11) enhancement both lack the capability to perfcrm other 


than rudimentary digital monitoring and test. 
The -84 (M2) (or -84A (M2)) has both the required interface 
and the additional monitoring and test capabilities. It 


would, therefore, have the majority of the digital circuits 
routed through it's MDF. 


It each of the alternatives, the remaining digital 
Circuits (if any) would be routed through the AN/TTC-42 
(Enhanced) for TCF actions. All six alternatives are shown 


in Figure D.6 below. 
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Figure D.6 System Block Diagram of Alternatives 5 through 10. 
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d- Alternatives 11 and 12 place all technical control 
emphasis on a primary, full-capability TCF, either the 
AN/TSC-111 or AN/TSQ-xxx "new start." The switching equip- 
ment is connected to the MDF in either of the mentioned 
TCF's and not to the subscribers. This provides the ideal 
central appearance for all analog and digital circuits at 
the single MDF. 
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Figure D.7 System Block Diagram of Alternatives 11 and 12. 
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APPENDIX E 
DEVELOPMENT OF CRITERIA FOR DECISION THEORY PROCESS 


The following collections of criteria include items drawn 
from acquisition management, system design principles, US 
Marine Corps statements of policy [Ref. 2: pp. 1-4 8 1-7], 
discussion with other communications professionals in the 
military and academic communities, and general knowledge. 
They are not categorized (other than source) or defined 
below but are presented as an initial  "brainstorming" list 
in an attempt to capture all possible relevant criteria. It 
will be noticed that not all of the following potential 
criteria are quantifiable above an ordinal scale. 


1. Acquisition Management and System Design Principles 


a) Mission Analysis 

b) Operational Requirements 

C) Long Range Planning and Program Stability 
d) A£fordability 

e) Timeliness 

f) Acquisition Strategy 

g) Participating Activities 

h) Industrial Resource Analysis 

1) Facility Construction 

j) Cost Estimates 

k) Goals, Thresholds, and Threshold Ranges 
1) International Defense Cooperation 

n) Economical Production Rates 

n) Test and Evaluation 

o) Independent Cost Analysis 


p) Competition 
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q) Specifications and Standards 

r) Standardization and Interoperability in Engineering 
Design 

S) Pre-planned Product Improvement 

t) Quality 

u) System Readiness, Support and Personnel 

v) Realiability and Maintainability 

w) Deployment Requirements 

X) System Safety 

y) Physical Security 

Z) Nuclear and Chemical  Hardness, Survivability and 
Endurance 

aa) Producibility and Production Planning 

ab) Contractor's Producticn Capability and Contractor 
Productivity 

ac) Conputer Resources 

ad) Data Management 

ae) Metric Units of Measurement 

af) Electromagnetic Spectrum and Other Spectrum 
Allocation 

ag) Energy Efficiency 

ah) Environmental Impact 

ai) Post Production Support 

aj) Administrative and Business Applications for 
Automated Information Systems 

ak) Cost Visibility and Control 

al) Industrial Modernization Improvement 

am) Evolutionary Development and Acquisition of Command 


and Control Systems 


2. US Marine Corps Statements of Policy 


The foliowing is a highly summarized and  paraphrased 


reproduction of the US Marine Corps policy statements found 
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in the Command and Control Master Plan [Ref. 2: 
pp. 1-4 to 1-7] which apply to the acquisition of all 
command and control systems and equipment. The listed 
Sequence corresponds with the cited document. 


a) Satisfaction of operational requirements is paramount. 

b) Operation is required in combat, garrison and (as 
necessary) aboard amphibious shipping. 

C) Maximize the utilization of other service, government 
agency, or joint developments before unilateral 
action. 

d) Maximize the use of standard USMC or other off-the- 
Shelf components. 

e) Manual back-up to automated systems is mandatory. 

f) Minimunize system complexity and sophistication. 

g) Maximize the integration of ground/air systems. 

h) Interface requirements will be defined to maintain 
inter/intraoperability. 

i) TDS data exchange standards will be inciuded in 
design. 

j) Interoperability with other services and allies is 
necessary. 

k) Meet JINTACCS including JTAO and TADIL J standards for 
interoperability. 

1) System software will use DOD approved high-order 
language. 

m) Administrative, physical, personnel and COMSEC consid- 
erations. 

n) Modularity of components will be maximized to facili- 
tate compatibility. 

0) Continuity of operations in degraded conditions. 
Reliability, redundancy, maintainability, and reco- 
nfiguration capability to allow graceful--not 
catostrophic--degradation in the face of equipment 


loss due to malfunction or enemy action. 
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P) 


q) 


r) 


S) 


t) 


u) 


v) 


w) 


X) 


Y) 


2) 


LFICS will provide all for all analog and digital data 
transfer and satisfy all communications mission 
requirements. 

Tactical multichannel System will transition to 
common-user, all digital system. 

Systems will operate in a high EW threat environment. 
Emphasis on reliability and maintainability in inte- 
grated logistics support (ILS) during the acquisition 
process. 

A single automated data processing support concept 
will be used. 

Tactical equipment must be interoperable with  auto- 
mated information systems (AIS). 

MSARC level pragrams subject to configuration manage- 
ment (CM) at functional baseline. 

MOS training requirements, Skill levels identified 
prior to MSARC III. 

World-wide operability. Transportability by sea, air, 
and rail without impediment to the mobility of the 
operational forces. Infantry battalion equipment will 
be man-portable. 

Systems will operate on power provided by: Ships, 
commercial sources, batteries and standard US Marine 
Corps MEP sources. 

Minimize shelterization of equipment or use standard 


US Marine Corps shelters. 
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3. Other Communications Officers 


Performance, maintainability, cost, risk, reliability, 
producibility, manpower/personnel life cycle costs (LCC), 
training requirements, personnel quantity and skill levels, 
and affordability. 


4. A List of "-ilities" 


Affordability, maintainability, reliability,  produci- 
bility, interoperability, intraoperability, transport- 
ability, nobility, vulnerability, survivability, 


suitability, supportability, flexibility, testability. 


5. Generally Desireable Measures 


Mission effectiveness, speed, analog capability, digital 
capability, quantity of analog circuits, quantity of digital 
circuits, power requirements, weight, cube, technological 
risk, schedule risk, nanual back-up capabilities,  "fail- 


soft" capabilities, redundancy and Simplicity. 
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APPENDIX F 
DETAILS OF DECISION THEORY PROCESSES 


1. Assigning Values to Long Term Alternative Vectors 


The ten criteria for evaluation of the long term aiterna- 
tives are: digital performance (DP), analog perform- 
ance (AP), manual back-up capability or "failsoft" (MBU), 
standard USMC/off-the-shelf (STD), interoperability (IOP), 
system complexity index (SCI), technological risk (TR), 
timeliness/availability (T/A), planned upgrade to all 
digital (PIP), and cost ($$). 


The tabulated ranks of Table 15 result in the long term 
alternative vectors shown in Table 16 below and in Table 3 


in the main body. 


2. Descriptive Example of ASpiration Relaxation Process 


For the puposes of this example of aspiration with relax- 


ation, let us assume the following conditions: 


a) We are working in a 3-space octant with all positive 


values. 


b) The rejection set is defined as all points contained 
within the rejection space, inclusive of the surrace 


but exclusive of the corner points. 


C) The acceptance set is defined as all points outside 
the rejection space which were corner points at one 


iteration of the relaxation process. 
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| TABLE 16 | 

| SUMMARY OF SCOBRED LONG TERM ALTERNATIVE VECTORS | 

৷ 

| Alt Long-Term Vector | 
1 i830 3.2: 1253.1,3223, 55,1 

| 2 2, ZO, Da i 

| 3 2:1230553 53 5555. 39] | 

| 8 2712324235 325,5. 1: ৷ 
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9 22201 o 52 35 
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d) Alternative points which are outside the rejection 
Space and not elements of the acceptance set are 


permanently discarded as unacceptable. 


e) The example alternative points are: (1,3,2), (2,1,1), 
aides, <c,3) « 


f) The example initial aspiration vector 
385005(«2,315,«2,35,«2 32] m nd, 


g) The successively relaxed aspiration vectors (and exan- 


ples of the spaces they define) are: 


0 37555) Figure F.1 (a) 

] 31213 Fi F.1 (b) 
22; igure F. 

3 TZ E E 

4 2,3253 

5 221327 

6 22293 

7 259252 Figure F.1 (C) 


The initial aspiration vector elements are interpreted as 
<a, b> meaning that the acceptance range for that dimension 


is the interval (a,b) inclusive. When the initial aspira- 
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tion rejection Space is constructed as shown in 


Figure F.1 (a), we see that all of the alternative points 


are rejected since they are contained within the space. In 
Figure F.1 (b) the rejection space has been relaxed 
through 2 iterations. The current aspiration vector 


is: (3,2,3). We see that alternative "3" is now at a corner 
of the rejection space and therefore, enters the acceptance 
set. Notice that alternative "1" is outside the rejection 
space but was not a corner point so it is rejected as unac- 
ceptatle. Alternative "2" remains a candidate since it is 
Contained in the rejection space. This step-wise, right to 
left relaxation (shrinkage) of the rejection space continues 
until the lower limits of the aspiration vector are reached. 
This is shown in Figure F.1 (c) and we note that alternative 
"2!" remains contained in the rejection space, therefore is 


rejected as unacceptable at this final step in the process. 


Thus, we would have identified the order in which the 
alternatives left the rejection space and entered the 
acceptance set. This ordered entry into the acceptance set 
carries with it the implication of a preference among 


alternatives. 


3. Initial Long Term Aspiration Vector 


Let the initial threshold aspiration vectors for this 
application be as shown in Table 17 following. The range 
entries «a,b» are interpreted as meaning that the range of 
acceptable nominal or ordinal values for that criterion 
attribute is "a" to "b" inclusive. An "X" represents a 
don't care which means the aspiration acceptance region 
includes all values for that criteria. We should take the 
best value available when more than one alternative meets 
all of the other threshold levels. 
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Figure F.1 Aspiration Rejection Space and Relaxation. 
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TABLE 17 
INITIAL LONG TERM ASPIRATION LEVEL THARESHOLD VECTOR 


(<2,3>,<1, 3>,<4,5>,<4,5>,<4 ,5>,X,<3,5>,<3,5>,<4,5>,X) 


DP <nominal, maximum> «25 3» 
AP <minimun, ma Xximun> <1,3> 
MBU <good,excellent> «4,5» 
STD <good,excellent> <4,5> 
IOP <good,excellent> <4, 5> 
SCI "Don't care" X 

TR <low,average> «3,5» 
T/A <average,excellent> <3,5> 
PIP <good,excellent> <4, 5> 
$$ "Don't care" X 


75555 A A ক > O O ৭৯ ৩৩৬০৮ ৮০০৯ ০১5 M—————————QS——— আস CO Oe Oe a. E 


4. Some Typical Utility Functions 


Prior to application of the dimensional analysis and 
Mann-Whitney processes, it was necessary to transform the 
criteria quantities within the alternative vectors from 
ordinal to utility values. AS noted in Chapter VI, the 
assumption of a positive linear utility curve is made for 
Simplicity and due to lack of data supporting any other 
choice. An example of a positive linear utility curve is 
shown in Figure F.2 (a). This curve represents linear 
utility and constant marginal utility, that is, each unit of 


quantity is equally valued in terms of utility. 


A criteria such as cost ($$) is better fitted to a 


utility curve such as shown in Figure F.2 (b). This curve 
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represents non-linear utility and declining marginal 
utility. The value of the input dollars in terms of utility 
growth declines as the quantity increases (e.g.: diminishing 


returns). 


Performance related criteria, such as (AP), or (DP) are 
best fitted to curves such as in Figure F.2 (c) or (d). 
Choice of one or the other depends on whether the increments 
of performance provide discrete or continuous gains in 
utility. The former, Figure F.2 (c), is a monotonic non- 
decreasing utility function with step-wise, discrete gains 
in utility. The latter, Figure F.2 (d), is more interesting 
in that it exhibits the characteristic of increasing mari- 
ginal utility to the left of the critical inflection point, 
and then decreasing marginal utility to the right. It can 
be seen that if the item or system fails to meet an arbi- 
trary minimum, it has little utility until it reaches at 
least that point where marginal utility increases sharply. 
Likewise, it it exceeds the maximum required capability, the 
marginal utility of additional improvement drops off 


Sharply. 


These have been just a few examples of how the criteria 
of this study may be described by other than a positive 
linear utility curve. For a more complete presentation, see 
Easton [Bef. 25: pp. 148-150 ]. There is no data available 
of suitable scale to enable selection from among this 
variety for this application. So a compromise positive 
linear curve of constant marginal utility was chosen as the 
best approximation to the unknown, true curve, for each 


criteria. 
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Figure F.2 Several Examples of Sinple Utility Curves. 


5. Vector to Scalar Conversion in 3-Space 


In this 3-Space example, there is an axis for each of 
three criteras Cl, C2, and C3- Each criteria value repre- 
sents a projection of the alternative vector on that 
Criterion axis in the 3-space. AS we move away from the 
worst possible alternative, the origin, in any Single dimen- 


sion (C1, C2, or C3), the scalar length of the distance 
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vector from the origin to the current point is increasing. 
This is equivaient to an improvement of the ranking across 
the criteria since each value represents a "bigger is 


better" score. 


In Figure F.3 below, this process is demonstrated for 
hypothetical alternative vectors: A(1)=a(1,1),a(1,2),a(1,3) 
and A(2)=a (2,1) ,a (2, 2)a(2,3). Suppose that the length of 
alternative vector A(1) is ">" the length of vector A(2), 


this implies that A(1) is a better choice than A(2) in this 
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Figure F.3 Vector to Scalar Transformation in 3-Space. 


By extension of 2 and 3-space geometric properties into the 


j-space of Chapter VI, a point more distant from the origin 
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in this j-space is ranked tetter across all equivalent 
dimensions or criteria (e.g.: a nearer to optimal nix of 


rankings). 


6. Calculation 8 Results of the Pair-wise Mann-Whitney Test 


The pair-wise Mann-Whitney comparisons were done on both 
the near term and long term alternative data sets. The 
results for the near term are shown in Table 18 while 
results for the long term are in Table 19 below. The 
Mann-Whitney test is fully explained in Conover [Ref. 26:2 


pp. 216-218]. The process in summary is: 


a) The elements of the alternative vectors A(i) and A(j) 


are conbined and ordered smallest to largest. 


b) Ranks are assigned to each value. Ties are assigred 


the average rank of the tied values. 


C) A test statistic is calculated as below: 








N+ 1 
Tod CES 
z 
TS = 
p N z z 
J p» s Y (N+1) 
NXON- 15] < i 4 (N-i) 
i =í 
where: J number of elements in alternative 
vectors A, and A, 
! J 
N Ns2 x J 
RCA) rank of the A, elements 
৷ ! 
RK. all ranks 
৷ 
In Tables 18 and 19 below, each line represents a 


Mann-Whitney comparison between two alternatives A(i) and 
à (j) where the (i) and (j) values are shown in columns 1 


and 2. The test statistic is shown in column 3 and 


represents an indication of the direction of preference (if 
non-zero) or indifference (if zero). This preference, 


however weak, or indifference is shown in the fourth cclumn. 
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MANN-HHITNEY RESULTS - NEAR TERM (CONT*D) 
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Table 19 | 
MANN-WHITNEY RESULTS — LONG TERM (CONT'D) | 
| À (i) A(i) Statistic Pref Ind | 
| 7 8 1.730734 7> 8 | 
| 7 9 1. 483889 7> 9 | 
| 7 10 1.170083 7> 10 
। 7 11 .000000 [=] | 
7 12 -1.116947 12 > 7 | 
| 8 9 -.118634 9 > 8 | 
। 8 10 -.351447 10 > 8 | 
l 8 11 -1.047222 11» 8 | 
| 8 12  -1.794847 12 > 8 | 
| 9 10 -.194161 10» 9 | 
9 11 -.814506 11» 9 | 
| 9 12 -1.537192 12 > 9 | 
| 10 11 -. 772061 11 > 10 | 
10 12  -1.529706 12 > 10 | 
| 11 12 -.830832 12 > 11 I 
a 


ba 


Grouping the results so that the direction of preference 
is left-to-right (i.e.: LHS > RHS) as in Table 10 and then 
counting the number of left-hand-side occurances of each 
alternative, it is possible to rank them. Ties, if any, are 
broken by examination of the tied alternatives for a prefer- 
ence among themselves. Additionally, it is necessary to 
examine closely related scores (*t/-2) to determine if there 
are any inferences of overriding preference to be resolved. 
It is concluded trom this summary that: "5" is preferred to 
"2/3" » "1" > "11" > "4" for the near tern. Note that "11" 


scores lower but was given explicit preference over "4", 


Tne long term result is "12" preferred to 
EU o "7/6" > 0211 > WITT, Note that the tie between "6" 
and "7" was resolved Since "7w" Scores higher in 


Criteria 9 (PIP) and is therefore preferred to "6". 
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APPENDIX G 
SUMMARY OF LFICS RELATED ISSUES FOR FUTURE STUDY 


This appendix contains topics concerning issues raised by 
this study as well as collateral items of impact on telecon- 
munications and LFICS in general. These topics should be 


examined in future studies and theses. 


1. Automation of Technical Control 


It is suggested that a study or theses be directed at a 
much deeper probe of the automation question than was 
provided in this study. There is a wealth of literature on 
the subject in the military and industrial communities. The 
US Air Force, US Army and industry are turning to automation 
to assist in the management and control of high-speed 
digital data networks. Since LFICS will eventually tran- 
Sition from a hybrid analog/digital system to an all digital 
systen, we will be faced with the same management and 
control situation. Looking farther into the future, we see 
the introduction of packet switching networks which will 
have more complex inherent management and control difficul- 
ties. We must leave the era cf "reactive" manual and semi- 
automatic communications technical control under these 
circumstances. The following questions are raised for 


discussion: 
a) Is automation really necessary? 


b) What is the impact of not having automated monitoring 
and test procedures in the LFICS technical control 


facility? 
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C) Is it possible to have automation and retain manual 


capability? 


d) Does the high-speed digital data environment demand 


automation? 


e) Does the common-user circuit switched digital data 
LFICS network demand autcmation? 


f) Will a packet switched digital data network demand 


automation? 


2.  Nodal Conmunications-Electronics Readiness Reporting 


This issue relates to the formulation of a true "measure 
of effectiveness" or state of  communications-electronics 
operational readiness in the readiness reporting system. It 
is suggested that a unit's communications-electronics 
mission profile could be formulated using the defined LFICS 
architecture and several typical mission scenarios. The 
available unit assets would be screened against this profile 
by Category (terminal eq., single-chan radio, curcúar t 
switch, etc.) and an aggregated MOE calculated. This MOE 
would be a more meaningful measure than we utilize today. 
The technique currently in use fails to consider the catego- 
ries of equipment and the role this plays in the,ability to 
execute a conmunications mission within the METEO Ss 


architecture. 


Background work would include: equipment and LFICS archi- 
tecture data base preparation, system modeling, simulation, 


etc. 
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3. Statistical Monitoring Algorithms 


It was mentioned in the discussion of automated moni- 
toring of circuits that the technique could be ccntinuous 


(neaning "round-robin', each circuit taking its turn) or 


statistical. The statistical technique would monitor 
selected circuits more often based on priority, traffic 
load, error probability, or "fix when failed", etc. Once 


the technique were developed, it could be implemented in 
software for an automatic facility or it could be utilized 


manually or semi-automatically. 


This work would require network modeling, traffic anal- 
ysis, simulation, statistical analysis, development of algo- 


rithms, dynamic programming, etc. 


4. The AN/TTC-42 ("Super" Enhanced) Combined SW/MPLX/TCF 


The explicit direction of the US Marine Corps Command and 
Control Master Plan is that the AN/TTC-42 will be a higaly 
capable replacement for both the AN/TTC-38 Analog Circuit 
Switch and the AN/TSQ-84 Technical Control Facility. The 
indications from conversations with contacts in the develop- 
ment community is that this is not presently the case. It 
seems that the AN/TTC-42 lacks the capability to perform 
nany of the basic tasks and procedures which are within the 
capability of the AN/TSQ-84. It lacks the capability to 
perform: circuit line conditioning; meaningful circuit moni- 
toring, testing, and quantification of results (e.g.: it 
lacks: S/N test set, oscilloscope, spectrum analyzer, etc.) 
If, in fact, the AN/TTC-42 is to replace both the TTC-38 and 
TSQ-84 then action is required to insure that it is enhanced 
beyond the current planned level. It is suggested that a 
study look into the apparent shortcomings of the AN/TTC-42 


in the area of technical control capabilities and make 
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recommendations on required modifications in consideration 
of its use as an integrated SW/MPLX/TCF. 
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